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18.0 INSTRUMENTS

18.1 ADVANCED HIGH RESOLUTION RADIOMETER (AVHRR)

18.1.1 FUNCTIONAL DESCRIPTION

18.1.1.1 Introduction

This section describes the five channel Advanced Very High Resolution Radiometer
(AVHRR/2) developed by ITT-A/OD. The AVHRR/2 is used as the meteorological imag-

ing system on the TIROS spacecraft. oc ea’i“a “/ J

The AVHRR/2 is an imaging system in which a small fidd of view ( 1.3 milliradians by 1.3
milliradians) is scanned across the earth from one horizon to the other by continuous 360°
rotation of a flat scanning mirror. The orientation of the scan lines are perpendicular to the space-
craft orbit track and the speed of rotation of the scan mirror is selected so that adjacent scan lines
are contiguous at the subsatellite (nadir) position. Complete strip maps of the earth from pole to
pole are thus obtained as the spacecraft travels in orbit at an atitude of approximately 450 n. miles
(833 km). All five spectral channels of the AVHRR/2 are registered so that they al measure energy
from the same spot on the earth at the same time. All five channels are aso calibrated so that the
signal amplitude in each channel is a measure of the scene radiance. The radiometers are designed
to operate within specification for a period of two years in orbit.

18.1 .1.2 Data Products
The AVHRR data are used to produce the following four data products.

(a) Continuous spacecraft-recorded Global Area Coverage (GAC) data from the AVHRR will
be provided. The GAC data are a 4-km resolution. The globa data are required at the
central processing facility with minimum delay for use in numerical prediction models
and will be routinely recovered by the two existing Command and Data Acquisition
(CDA) stations.

(b) Spacecraft storage of data from selected Local Area Coverage (LAC) (approximately 10
min) of each orbit a high resolution (1 km) for central processing will be provided.

(c) Continuous direct readout of two channels of AVHRR data to ground stations of the
Automatic Picture Transmission (APT), worldwide, a low resolution (4 km) will be
provided. Reduction of panoramic distortion will be accomplished by the Manipulated
Information Rate Processor (MIRP). The continuous readl-time transmission of sounder
data to this class of stations will be provided.

18.1-1



(d) Continuous direct readout of four (or five, where applicable) channels of AVHRR data
of the High Resolution Picture Transmisson (HRPT), worldwide, (I-km resolution) will
be provided to the ground stations.

18.1.2 SYSTEM DESCRIPTION

18.1.2.1 General

The AVHRR/2 is a five channel scanning radiometer providing two channels in the visi-
ble near infrared region and three infrared channels. The AVHRR/2 has two one-micrometer
wide channels between 10.3 and 12.5 um. The instrument utilizes an 8 inch diameter collecting
telescope of the reflective Cassegrain type. Cross-track scanning is accomplished by a con-
tinuously rotating mirror direct-driven by a hysteresis synchronous motor. The three infrared
detectors are cooled to 105 Kelvin by a two-stage passive radiani cooler. The data from the
five channels is simultaneously sampled at a 40 kHz rate and converted to 10-bit binary form
within the instrument.

A summary of the AVHRR/2 characteristicsis given in Table 18. I-I. Figure 18.1-1 shows
the outline configuration of the instrument.

The AVHRR/2 is comprised of five modules which are assembled together into a single
unit instrument. These modules are:

Scanner Module
Electronics Module
Radiant Cooler Module
Optical Subsystem
Baseplate Unit

These modules are shown in the exploded view of Figure 18.1-2.

18.1.2.2 The Scanner Module

This module includes the scan motor, the mirror and the scan motor housing. The scan
motor design is based on the motor developed for the SCMR (Surface Composition Mapping
Radiometer), an 80 pole hysteresis synchronous motor. The motor has two power modes of
operation and is normally operated in the high-power mode (~ 4.5 watts) in orbit in order to
minimize scan linejitter. The scanner housing is an integral part of the motor and is made of
beryllium. The scan mirror is also made of beryllium and is= 11.6 inches across the major axis
and 8.25 inches across the minor axis. The scan motor rotates the mirror at the 360 RPM to
produce a contiguous scan of the earth scene. The line-to-line jitter isless than 17 microseconds.

18.1.2.3 Electronics Module

The € ectronics moduleis in two sections both of which bolt on to the instruments inboard
side panel. The curved box (Reference Figure 18.1-2) is the motor power supply. Twenty-five

18.1-2
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Tablel18.1—1 Summary of AVHRR/2 Characteristics

Ch1 Ch2 Ch 3* Ch 4* Ch &
Spectra Range (uM) .58-.68 | .725-1.0 10.3-1 1.3 3.55-3.53 11.5-12.5
Detector Type Silicon Silicon HgCdTe InSb Hg(CdTe
Resolution (N. Mi.) .59 .59 .59 .59 .59
IFOV* * (milliradian) 1.3 . 1.3 . 1.3 5. 1.3sq. 1.3 sq.
SIN @.5% Albedo >3:1 > 3:1 — —_ —
NETD @ 300K _ — <.12K <.12K <.13K
MTF (1IFOV/Single

> .30 > .30 >.30 > .30 >.30

Optics
Scanner

Cooler
Data Output
Commands
Telemetry
Power

, Size

Weight

8 inch diameter afocal Cassegrain telescope

360 rpm hysteresis synchronous motor with ribbed beryliurms an

mirror

two-stage radiant cooler, IR detectors controlled at {ii5K

10 bit binary, smultaneous sampling at 40 KHz rat

28

14 digital, 20 analog

28.5 walts max.

317 x11” x 16" max. (See Figure 18.1-1)
65 pounds max.

* NOAA designation of channels 3 and 4 are reversed.
**Tolerance of IFOV vaues are £ 0.2 m.r.

18.1-3
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electronic boards are used to make up the electrical system of the AVHRR. Nineteen of these are
located in the eectronics box. The visble channel preamplifiers for the visble channels and IR
channels 3 and 5 are located in the area of the secondary optics. The IR channel 4 preamplifier is
located on the rear of the radiant cooler housing.

18.1.2.4 Radiant Cooler

The radiant cooler module is made up of four basic assemblies. These are (1) the cooler housing,
(2) the first stage radiator, (3) the patch or second stage radiator, and (4) the cooler cover. The first
stage radiator is configured in such a manner as to shade most of its radiating area from the earth by
the cooler cover when the cover is deployed. A “single shot” solenoid actuated, spring driven
deployment system is used to deploy the cover. Mounted on the cold (105 Kelvin) patch are the
three infrared detectors. The patch has a 22.4 in? radiating area. The cooler housing surrounds the
cooler on al sides except for the radiation area

Multilayer insulation thermally separates the first stage radiator from the housing and the first

stage optical window is tnermdly isolated and heated several degrees warmer than the 17 1 K radiator
‘temperature to prevent condensation on it. The patch isthermally isolated from the first stage by

low emissivity surfaces (gold to gold) and runs a 98K with no control power. During nominal
operation the patch temperature will be controlled at 105K.

18.1.2.5 Optical Subsystem

The optical subsystem consists of two separable subassemblies, a collecting telescope and a relay
optics unit. The telescope is an 8.0 inch diameter aperture, reflective Cassegrain of afocal design
(collimated output). The relay optics split the telescope exit beam into five discrete spectral bands
and focus them onto their respective field stops. The spectral bands are:

Channdl 1. 0.58 to 0.68 micrometers
Channdl 2: 0.72 to 1.05 micrometers
Channdl 3: 10.3 to 11.3 micrometers
Channdl 4: 3.55 to 3.93 micrometers
Channdl 5: 11.5 to 12.5 micrometers

The instantaneous field of view is 1.3 by 1.3 milliradians in all channels and is defined by an aper-
ture plate in Channels 1 and 2 and by the detector active areasin Channel 3, 4 and 5. In addition,
the optical subsystem has been designed to meet the total system MTF requirements with the
detectors registered off axis by as much as 1.5 milliradians in Channels 1 and 2 and 1 milliradian in
Channels 3,4 and 5.

Polarization effects have beenminimized (<7% in Channels 1 and 2) by orienting the polarization

sengitive elements in a predetermined way, thus having some elements compensate for other
elements. This assembly is shown in Figure 18.1-3.
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Figure 18.1-3 AVHRR/2 optical configuration.

18.1.2.6 Baseplate Unit

The baseplate unit is the common structure to which all other modules are secured. Dowel i
are used to establish and maintain alignment of the scanner and optics modules. Alignment of the
cooler to the optics is established by shims.
18.1.2.7 AVHRR Data

The output data signals supplied by the instrument to the spacecraft fal into three categories:
outputs to the MIRP, digita-B telemetry, and anaog teemetry.

The specific signals supplied by the AVHRR are detailed in the following paragraphs.
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‘18.1.2.7.1 AVHRR Outputs to the MIRP — The data from each of the five channels will be
digitized in the radiometer to a 10-bit word and brought out of the instrument as a |O-bit paralld
digital output to the spacecraft MIRP. In addition to these digital signals. the line synchronization
signa will also be routed to the MIRP on a separate buffer isolated line.

18.1.2.7.1.1 Line Synchronization Pulse — A line synchronization pulse will be sent to the MIRP
at the beginning of each mirror scan. The characteristics of this pulse are as follows:

(@ Duration — 100 usec

(b) Repetition Rate — 6 pps

(c) Noise Spikes — Less than 1/4 signad amplitude
(d) Scan Line to Scan Line Jitter:

(1) Less than 17.2 usec for 98 percent of jitter measurements taken
every scan line over a 20-min period.

(2) Less than 34.4 usec between any two scan lines within a 20-min
period.

(e) Pulse Level — The sync line output is normally at ground level (0.0 to
+0.4V). The sync line output goes to the +5V level (+2.40 to +5.25V) for
the duration of each sync pulse.

(f) Shidding — The shield of the sync line is tied to AVHRR chassis ground.

18.1.2.7.1.2 Radiometric Data Lines — A separate andog video signa is generated within the
AVHRR for each of the radiometric channels in the instrument. The data for each channd is
converted to a single 10-bit digital word prior to being transferred to the MIRP. Upon receipt of
a Data SamplePulse, thedigital words(one for each radiometric channel) are transferred sequentialy
to the MIRP. The data in each word is transferred by paralel readout of the 10-bit word through
ten output data lines.

(1) Content. The information content of each data channel is shown in Table 18.1-Z.

(2) Digitization: 10—-bit words

(3) Output: Paralel readout. 10 bits

(4) Output Timing: Initiated by each Data Sample pulse as shown in Figure 18. I -4.
Timing details are as follows:

Transfer of AVHRR digitized data will be accomplished by 10 parallél lines representing
paralel word transfer. At 5T + 300 nanoseconds after each sample time (the negative going edge of
the clock which is coincident with the high or true state of the sample pulse) the AVHRR will
transfer parallel digitized channel 1 data to an output register and hold it there for 5T+ 300 nano-
seconds. Data from the remaining AVHRR channels will be successively transferred into the out-
put register as follows:

Channel 2 transfer time is 10T + 300 nanosecondsafter sample timedata is held for 5T+ 300
nanoseconds. Channel 4 transfer time is 15T + 300 nanoseconds, data is held for ST+ 300 nanoseconds.
Channel 3 transfer time is 20T + 300 nanoseconds. data is held for 5T+ 300 nanoseconds. Channel
5 transfer time is 25T + 300 nanoseconds. data is held for 5T minimum. 10T maximum + 300
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Table 18.1-2 AVHRR Channel Content

Chan. 1 | Chan. 2 | Chan.3 | Chan. 4 k;;nﬂS

Deep Space (Clamp) | X X X X “}; o
Ramp Calibration Signal (‘) X X X X x
Earth Scene (Visible) X X

Earth Scene (IR) X X X

IR Target Temperature(*) X X X
Cooler Patch Temp. X X X
Backscan Target IR Data X X ¥ i

Notes:

ITheramp cadlibration signal will consist of the output of a D/A generator which nnitises s siee
per revolution of the radiometer scanning system. A ramp shall be generated every iU ¢« ans f
the radiometer. The ramp voltage shall vary from -0.025 to +6.475 volts in 1023 steps of ¢.0063-
volt, and shall have a precision of 10 bits*

2The temperature of the backscan calibration target shall be measured using four platirum resis-
tance temperature detectors.

The signa from each of the platinum resistance temperature detectors in the radiometer housing
calibration target shall be inserted into the composite anaog video signal in each Chani’' e sienl
per scan line, following the start of the space scan as shown in Table 18.1-4. The sifnzi 011 tr e
first temperature detector shall be inserted in the fist scan ling the signal from the .eco.  tér o
ature detector shall be inserted in the second scan ling, etc., until al of the temper-swics.,  woss
have been interrogated.

For TIROS-(H, I, & J), the scan line immediately following the line whici. . ue
signal from the last temperature detector shall be blank (clamped to O volts whicivmiar i
different from the temperature signal) in the region allocated for the tempera:?. .
signal. The interrogation sequence shall be repeated starting with the next scan imis.

*The digitizer has a range from 0 to 4.39375 volts in 1023 steps of 0.00625 volts. As a result, the
nominal ramp cal output will skip a step approx. once every 62 steps and the low ltze nd ~F
the ramp (beginning of ramp for channels 1& 2, and end of ramp for channels 3, « % .> / hu .2
approximately 5 “0" values, while the high voltage end of the ramp will have approxii.a.elyid
“1023" values.
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nanoseconds. Transfer of data from the AVHRR output register to the spacecraft processor will
occur 0.5T to 4.5T after the start of each channd output time interval.

(5) Sample Rate

The number of samples taken by the MIRP as a function of scan time is shown
in Table 18.1-3.

Table 18.1—-3 MIRP Data Sample Intervals

Begin Sample Period End Sample Period
AVHRR Output - Number of
Information Time Clock Time Clock Samples
(Millisec) Counts (Millisec) Counts Generated
Detector: Space View + 2.529 2,525 + 2779 2,775 10
Electronic Ramp Cal. + 3.756 3,750 + 3.781 3,775 1
Detector: Earth View + 8.614 8,600 + 59.895 59,800 2048
TLM: IR Target Temp. + 65.780 65,675 + 65.805 65,700 1
TLM: Patch Temp. + 66.006 65,900 + 66.031 65,925 1
None —_ —_ —_ —_— 0
Detector: IR Backscan +118.064 | 117,875 +1183 14 | 118,125 10
None —_ —_— 0

N
1. Tg is the leading edge of the AVHRR line sync. -

2. T = 100160256 us = one 0.9984 MHz clock period = one count
3. All “Times’ and “Counts’ are in appropriate units after T, .
4. AVHRR Scan Period =1/6 second = 166.67 ms

5. Nomina Nadir = To + 34.255 msec or To + 34,200 counts -
6. Sample Pulse Spacing= 25T during sample periods (39,936 pps)

(6) Pulse Level

a) A Data “1”isa+2.40 to +5.25 Volt Leve
b) A Data “0” isa 0.0 to +0.4 Volt Leve

(7) Data word rate to MIRP: 199,680 words per second.

(8) Bit Position

a) The MSB of Radiometric Data is located on Data Line 1 for each channel.
b) The LSB of Radiometric Data is located on Data Line 10 for each channd.
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(9) Radiometric Range

Scene Ch.1&2 Ch.3&4
VIS, 100% Albedo (White) +6.1V
IR: Space (Cold) +6.2V
VIS: Black +0.25V
IR: 320°K (Hot) +0.3V

18.1.2.7.1.3 Cadlibration Data

(1) Line by Line Cadlibration
The AVHRR Cadlibration data consists of the following parameters which are inserted in each
scan line:

Channel
Parameter Location Timing
Table 18.1-2 Tables 18.1-3. & 18.1-4
%3 Epe%%?oﬁ%n%%libration Ramp e” ’
c) IR Target Temp. TLM » »
d) Patch Temp. TLM ’ ”

€) IR Target Sample » »

See Table 18.1-5 for the nomina voltage caibration.

(2) Simulated Cadlibration Signa
The simulated calibration signal shall be substituted for the actual detector output upon
command. The following data will appear in al channels.

Parameter Timing
a) Space Sample Tables 18.1-3 & 18.1-4
b) Ramp Cdlibration Signal ”
¢) Simulated Earth Scan* ”

d) Simulated Ca. Targets ”
*The simulated Earth scan provides three voltage levels in a cyclic pattern on successive

scan lines for each channel. This provides an effective 3 point voltage calibration check.
See Table 18.1-5 for the nomina Earth Scan levels.
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Table 18.1-4 Scan/Calibration Timing (Nomina Orhbit)

a) Scan Timing

Scan Timing Units*

0TO
05 TO

19 TO
35 TO

65.6 TO
65.8 TO

1176 TO

165.0 TO

0.1
15
18
3.5
4.0
4.13
4.8
53
5.8
34.2
42.6
63.1
63.6
65.8
66.0
117.1
118.4
119.0
166.4

Line Sync

MIRP pm-cursor time

Space view start

Space sample

Ramp cal

Space end — worst case early S/C attitude and ¢rbit
Space end — worst case early — S/C attitude
Space end — nominal

Space end — worst case late — S/C attitude
Nadir nominal

Space start — worst case early — S/C attiwude
Space start — nominal

Space start — worst case late

IR target temp

Patch temp

IR cal target — full view start

IR cal target sample

IR target — full view end

MIRP pre—cursor time

b) Smulated Voltage Calibration Signals

4.0 TO 65.6
1176 TO 1184

c) Auxiliary Scan Timing

18 TO
34 10
51.2 TO
160.0 TO

19
3.5
76.8
12.9

Smulated earth scene
Simulated cal target

1st space sample
2nd space sample
Back edggeachlanking

Space window

*Scan Timing Unit = STU = 1 .00 1602564 milliseconds = 1,000 counts
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Table 18.1-5 AVHRR Voltage Calibration Levels
(All levels are nomina values)

1. Célibration Ramp

Scan Line # 1 = -0.02 volts

128 = +0.79

256 = +1.60

384 = +2.41

512 = +3.23

640 = +4.04

768 = +4.86

896 = +5.67

1024 = +6.48

2. Simulated Earth Scene
Channels1 & 2 Channels3,4 &5

Level 1 +1.92 volts +4.52 volts
Level 2 +3.50 volts +2.95volts
Levd 3 +5.18 volts + 1.28 volts

3. Simulated Backscan Calibration Target
Channelsl, 2 +6.0 1 volts

Channels 3,4&5 +0.44 volts

18.1.2.7.2 Digital "B” Telemetry

18.1.2.7.2.1 General — The Digital “B” one-bit status telemetry are available at the instrument
interface at all times. The 3.2 second subcom generated by the TIP will sample each Digital “B”
Telemetry Point once every 3.2 seconds. The characteristics of the Digital ‘B’ telemetry interface
are detailed in Sections 3 .1.6,3.1.8.2, and 3.1.8.3 of the General Instrument Interface Specification.

18.1.2.7.2.2 Digital “B” Telemetry Points — The Digital “B” Telemetry Points provided by the
AVHRR are listed in Table 18.1-6.

Each of the 14 Digital “B” telemetry points listed in Table 18.1-6 indicates the status of one
of the 14 pairs of commands listed in Table18.1-7.
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10
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12
13
14

Notes:

Table 18.1-6 AVHRR Digital “B” Telemetry

TIE

1

State* Minor Ch. | Word 8
Telemetry Point Name Logic “1” | Logic “0" | Frame # Bit #

Scan Motor/Telemetry Status On Off 20 244 | 8
Electronics/Telemetry  Status On Off 20 212 | 7
Channel | Status On Off 21 53 2
Channel 2 Status On Off 21 85 3
Channel 3 Status (11u) On Off 21 117 4
Channel 4 Status (3.7-) On Off 21 149 )
Voltage Calibrate S tatus On Off 20 148 5
Patch Control Mode Status 108 °K 105°K 20 84 3
Cooler Heat Status On Off 20 180 6
Scan Motor Mode Status High Low 20 116 4

Power Power g
Housekeeping Telemetry L ocked Not 21 21 i
Lock Status On Locked On !
Eath Shield Status Deploy Disable 20 201
Patch Control Status on Off 20 521 2
Channel 5 Status On Off 21 181 6

*Logic “ 1" isa“Trueg” or “Low Voltage’ state.

18.1.2.7.3 Analog Telemetry

18.1.2.7.3.1 Genera — The Andog Telemetry shal be available at the instrument interface srait
times* Three different subcoms (32, 16, I-second) generated by the TIP will be used to sample

spacecraft analog telemetry. TIP Minor frame words 9, 10, and 11 are dedicated to these:te:ng

respectively. The characteristics of the analog telemetry interface are detailed in Sections 31.6,
3182, and 3.1.83 of the General Instrument Interface Specification.

*Anaog telemetry is available when one of more of the following conditions is satisfied. (1) Scan
Motor/Telemetry is On, (2) Electronics/Telemetry is On, or (3) Telemetry is Locked Q.
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Table 18.1-7 Spacecraft/AVHRR Command Interfaces

Ciu Reset

No. Command Name 2 Mne- Buffer Logic

monic Bit State!
I [ Scan Motor/Telemetry On ASMTN 20E/1 F
2 | Scan Motor/Telemetry Off ASMTF 20E/2 F
3 | Electronics/Telemetry On AELTN 20E/3 F
4 | Electronics/Telemetry Off AELTF 20E/4 F
5 | Channel 1 Enable ACHIE 20E/s F
6 | Channe | Disable ACHID 20E/6 F
7 | Channel 2 Enable ACH2E 298/1 F
8 | Channd 2 Disable ACH2D 298/2 F
9 | Channd 3 Enable ] L ACH3E 20E/9 F
10 | Channd 3 Disable ACH3D 20E/10 F
11 | Channd 4 Enable } 3.7u ACH4E - 298/5 F
12 | Channd 4 Disable ) |IACH4D 298/6 F
13 | Cooler Heat On ACHON 298/3 F
14 | Cooler Heat Off ACHOF 298/4 F
15 | Tdlemetry Locked On ATLON 298/9 F
16 | Tdemetry Not Locked On ATNLO 298/10 F
17 | Earth Shield Deploy AESDP 298/ 11 F
18 | Earth Shield Disable AESDI 298/12 F
19 | Patch Control On APCON 20E/13 F
20 | Patch Control Off APCOF 20E/14 F
21 | Channd 5 Enable ACHSE 20E/15 F
22 | Channd 5 Disable ACH5D 20E/ 16 F
23 | Voltage Cdibrate On AVCON 20E/7 F
24 | Voltage Cdibrate Off AVCOF 20E/8 F
25 | Patch Control High Mode APCHM 20E/ 11 F
26 | Patch Control Low Mode APCLM 20E/12 F
27 | Scan Motor High Mode ASMHM 298/7 F
28 | Scan Motor Low Mode ASMLM 298/8 F

Notes:

IState assumed when CIU is reset a power turn-on. T = True = 0 Volts, F = False = +1 OV
2All commands are “pulse discretes.”’
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18.1.2.7.3.2 Analog Telemetry Points — The analog-telemetry* points provided by the AViFK
arelisted in Table18.1-8**, Electrical characteristics of the analog telemetry electrical interizce
are shown in Figure 15 through 18. A detailed description of each telemetry point is as foliows.

1. Patch Temperature. This telemetry point measures the output from platinum
temperature sensor located on the radiant cooler patch which contains the IR detector.
The amplifier gain/offset is adjusted for the patch temperature range.

2. Patch Temperature Extended. This telemetry point measures the output from
the platinum temperature sensor located on the radiant cooler patch which contains
the IR detectors. The amplifier gain/offset is adjusted for the extended temperature
range of the patch.

3. Patch Power. This telemetry point measures the DC voltage being applied
to the control heater on the radiant cooler patch which contains the IR detector.

4. Radiator Temperature. This telemetry point measures the output from the
platinum temperature sensor located on the first stage (warmer stage) of the radiant
cooler.

5-8. Black Body No. 1,2,3,4. These telemetry points measure the outputs of
platinum temperature sensors No.’s 1 through 4, respectively, located on the black
body calibration target.

9. Electronics Current. This telemetry point measures the DC current load on
the +28 volt bus (pins 1 and 2 on J3). Thisis directly proportional to the DC current
into the power converters for the remaining electronics not including the motor
power supply.

10. Motor Current. This telemetry point measures the DC current load on the
+28 volt (motor) bus (pins 3 and 4 on J3). Thisis directly proportional to the DC
current into the scan motor power supply.

11. Earth Shield Position. This telemetry point indicates the status of the radi:
cooler earth shield.

12. Electronics Temperature. This telemetry point measures the output of the
thermistor located inside the electronics box.

* Analog telemetry is available when one or more of the following conditions is satisfied: (1) Scan
Motor/Telemetry is On, (2) Electronics/Telemetry is On, or (3) Telemetry is Locked On.
** Algorithms for converting telemetry volts to engineering units are given for each model of *'iz
AVHRR in the “Alignment and Calibration Data Book” for that model. Those algorithms - ¢
similar, but not identical, among the several models.
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13. Cooler Housing Temperature. This telemetry point measures the-output from
a thermistor located on the radiant cooler housing.

14. Baseplate Temperature. This telemetry point measures the output of the
thermistor located on the baseplate as shown on the Therma Interface Drawing.

15. Motor Housing Temperature. This telemetry point measures the output from a
thermistor located on the scan motor housing.

16. A/D Converter Temperature. This telemetry point measures the output of a
thermistor located inside the A/D converter at the point of maximum sensitivity to
heat.

17. Detector Bias Voltage Channel 3. This telemetry point measures a voltage
directly proportional to the regulated -12 volt DC which supplies the Channel 3
IR detector bias current.

18. Black Body Temperature, IR Channel 3 (11p). This telemetry point measures
the output of a sample-and-hold circuit which samples the IR Channel 3 analog data
signa once each scan line when viewing the black body calibration target.

19. Black Body Temperature, IR Channel 4 (3.7~). This telemetry point measures
the output of a sample-and-hold circuit which samples the IR Channel 4 analog data
signa once each scan line when viewing the black body calibration target.

20. Reference Voltage. This telemetry point measures a DC voltage proportional
to the +6.4 volt reference voltage source in the electronics.

2 1. (Not used on AVHRR/I) — Detector Bias Voltage Channel 5. This telemetry
point measures a voltage directly proportiona to the regulated -12 volts DC which
supplies the Channel 5 IR detector bias current.

22. (Not used on AVHRR/I) — Black Body Temperature, IR Channel 5. This
telemetry point measures the output of a sample-and-hold circuit which samples the
IR Channd 5 anadlog data signal once each scan line when viewing the black body cali-
bration target.

18.1.2.8 Instrument Interfaces

The instrument interfaces consist of power, command, telemetry data systems. The data is
controlled and directed through the MIRP. All electrica connections to the AVHRR/2 are made
through the connectors listed in Table 18.1-g. A test connector is provided for use in the subsystem
and system test at the instrument level. This connector (J7) is capped and not used in spacecraft
testing or operation. The requirements of the Genera Instrument Interface Specification (GIIS)
1S-2280259 are followed in the connection, operation and control of interfaces to the spacecraft.
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Table 18.1-8 AVHRR Analog Telemetry

TIP
No. Telemetry Point Name Minor Channel Range Resolution
Sub-Com Frame #
1 | Patch Temperature 32 45 45 *02V= 90.7°K. 0.1935V/degree
+5.0Vi=115.5°K
— [+]
2 | Patch Temperature Extended 32 29 29 t0.2V= 99.4°K 0.02216V/degree
+5.0V = 316.0°K ,
, +0.2V = 0.08 MW | MW =2V2 (0.067V/MW|
3 | Patch Power 32 > > +5.0V = 80,0 MW | at 32 MW out)
- [+]
4 | Radiator Temperature 32 53 - 53 0.2V = 145.7°K 0.0285V/degree
+5.0V=317.3°K
5 | Blackbody Temp. | 32 93 93
6 2 32 165 165 +0.2V = 5.08°C
7 3 32 173 173 +5.0V = 44,97°C 0.12033091V/degree
8 4 32 181 181
9 | Electronics Current 16 54,134 372 +0.2V =393 MA | 5.088 MV/Milliamp.
214,294 +5.0V =982.5 MA
10 | Motor Current 16 55,135 380 | TOZVEIZMA {6 o MV Milliamp.
215,295 +5.0V =300 MA
- . - 1.15V Fully closed
11 | Earth Shield Position 32 37 37 3 levels 2.99V In between
499V Fully open
12 | Electronics Temperature 32 69 69 *0.2V = 38.73°C 0.17174V/°C

+5.0V = 10.8°C




0C—1'81

Table 18.1—8 AVHRR Analog Telemetry (Continued)

TIP
No. Telemetry Point Name inor Channel Range Resolution
Sub-Com rame #
13 | Cooler Housing T erature 32 61 61
ousing Temperatu +0.2V = 33.24°C
14 | Baseplate Temperature 32 77 77 +5.0V = +3.95°C
15 | Motor Housing Temperature 32 85 85
16 | A/D Converter Temperature 32 189 189 +0.2V = 8449°C 0.129v/°C
+5.0V =44,51°C
17 | Detector #3 Bias Volt, 32 21 21 Single level at 0.231V/V
+2.15V
18 | Blackbody Temp. IR CH 3* 32 197 197 To Be Calibrated
19 | Blackbody Temp. IR CH 4** 32 205 205 To Be Calibrated
20 | Reference Voltage 32 13 13 Signal level at +4.8V 0.750vV/v
. 1 Single level at
21 | Det, #5 Bias Volt 32 247 | 247 2 15V 0.231V/vV
22 | BB Temp.IR CHS5 1 32 252 252 To Be Calibrated
*1uy
*%3 Ty

INot used on AVHRR/1.




Table 18.1-9 Interface Connectors

No. Function GSFC Style Descripfini i
. e
J1 Command 311P405—-4P—C-12 37 Pin Mde
» Digita TM 311P405-3S—-C—12 | 25 Pin Femde |
J3 Power 311P405-3P-C-12 25 Pin Mae l
J4 Anadlog TM 311P405-45-C-12 37 Pin Femai:
J5 Clock 311P405-1P-C~12 9 Pin Made
J6 Data Processor 231P405-2P-C-12 15 Pin Made
J7 Test 311P405—-55—C—~12 %0 Pin Femde !
J33 Pulse Load Heater 311P405-1S-C-1i2 9 Pin Female !
i

18.1.2.8.1 Power Input

18.1.2.8.1.1 General — The +28V DC input from the spacecraft is regulated to obtaiiisolat i
from spacecraft voltage variations, converted to develop a system ground, and re-regiii-:'i
obtain noise regection and precision.

18.1.2.8.1.2 Electronics Switching Regulator — Two input switching regulators are providsd using
Harris HA2620 amplifiers as comparators: The circuits are self starting and driven by ~% " X -
signal for synchronization with the spacecraft clock. A +34V boost voltage derived from ti P
Converter provides the drive voltage for the pass transistor to provide good saturation fo,nis =t
dissipation.

18.1.2.8-1 .3 _Power Converter — Two DC/BC Converters are provided, one poweredirome:h
Switching Regulator. These circuits establish signal ground for the AVHKR and provide the proper
voltage inputs to the electronics regulators. They are driven converters being synchron:iced w.:
the same 62.4 KHz clock signa as the switching regulators.

18.1.2.8.1.4 +5V Regulators — A switching regulator is used to provide +5 volts for i, . ¢ irc it
The output of the switching regulator directly feeds the logic circuits required for mot. .freqi>n«
countdown and the input clock circuits. The major portion of the logics is powered through &
switching transistor from the regulator output. This transistor is turned on with the Ele-trec ¥
command.

18.1.2.8.1.5+15V Regulators — The 15 volt regulators are linear circuits utilizing the Heris
HA2620 |I.C. as the voltage comparator. The +15 volt regulator uses a +20 volt “boost” vnlig:
from the power converter to enable a low input/output differential and minimize the 2. . s
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power loss. The circuit will regulate under full load with an input/output differential equal to the
collector/emitter saturation voltage of the pass transistor which is typically 0.2 valt.

18.1.2.8.1 .6 Power Profile — Table 18.1-1Q depicts the power usage under the mode of operation
indicated.

Table 18.1-10 Power Profile

Normal Telemetry | Motor | Cooler | Instrument
Function Power | Operation Only On Heater Off
Analog Telemetry & 3.22W X X X X
Logics

A-D & Electronics 12.94W X

Scan Motor High 4.84W X X

Scan Motor Low 3.98W X

Channdl 1 0.67V/ X

Channel 2 0.89W X

Channel 3 14 w X

Channel 4 0.95W X

Channel 5 1.8 W X

Cooler Heater 21.2 w X

Cooler Cover Deploy | 56.9 w*

Standby Heater 22.8W** X
26.71W 3.22W 78.20%or 24775W | 22.8W**

* Required only once for a period of approximately 1 sec.
**Supplied from TCE — not from +28V buss.

18.1.2.8.2 Commands

The spacecraft will provide the command inputs listed below to the AVHRR. The genera
characteristics of these commands are detailed in Section 3.1.4.2 of the Genera Instrument Inter-
face Specification.
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For “Level” commands, the “On”, “True”,-or “Low” leve is indicated by a logic ‘*“1" or a

zero volt level. The “Off’, “Fasg’, or “High” leve is indicated by a Logic “0” or +10 volt levd for
CMOSIogic.

The AVHRR commands can be further classified as Power or Mode Commands. The function
of each command is detailed in the following paragraphs.

18.1.2.8.2.1 Power Commands [S/'C MNEMONIC]

LASMTN] (1) Scan Motor/Telemetry ON

This command shall turn ON the scan motor,scan drive eectronics,
and the first of 3 parald power switches for housekeeping tzlemetry
specificaly, this command applies power to

a) Electronics sw. regulator
b) Motor sw. regulator

c) Power converter

d) £15V regulators

€) +5V motor logic reg.

f) Clock receiver

g) Motor logic

h) Analog telemetry circuigs
i) Patch temp. control

[ASMTF] (2) Scan Motor/Telemetry OFF

This command shall turn OFF the scan motor, scan irivesloc.costy,
and the first of 3 paralel power switches for housekeeping telerietvy,

[ AELTN] (3) Electronics/Telemetry ON

This command shall turn ON the radiometer electroric: ~ept the
scan drive dectronics) for al channels in the ENABLE .o ¢ ™«
second of 3 parale power switches for housekeeping telemetry.
Specifically, this command applies power to:

a) Electronics sw. regulator
b) Power converter

C) £15V regulators

d) +5V motor logic regulator
€) +5V electronics regulator
f) Analog telemetry circuits
g) A/D converter

h) Scan timing logic

i) Clock receiver

i) Motor logic

k) Patch temp. control
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[AELTF]

{ACHIE]

[ACH1D]

[ACH2E]

{ACH2D]

[ACH3E]

[ACH3D]|

(4)

(5)

(6)

(7)

(8)

(9)

Electronics/Telemetry OFF

This command shdl turn OFF the radiometer eectronics and
the second of 3 parald power switches for housekeeping telemetry.

Channdl 1 Enable
If “Electronics On” has been executed — Applies Power to:

a) Ch 1 Preamplifier
b) Ch1 Postamplifier

Channel 1 Disable
Removes power from:

a) Channel 1 Preamplifier
b) Channel 1 Postamplifier

Channd 2 Enable

If “Electronics On” has been executed —
Applies Power to:

a) Ch 2 Preamplifier
b) Ch 2 Postamplitier

Channel 2 Disable
Removes power from:

a) Channel 2 Preamplifier
b) Channel 2 Postamplifier

Channel 3 Enable (11g)
If “Electronics On” has been executed — Applies Power to:

a) Ch 3 Preamplifier
b) Ch 3 Postamplifier

(10) Channel 3 Disable (11u)

Removes power from:

a) Channel 3 Preamplifier
b) Channel 3 Postamplifier
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[ACH4E] (11) Channel 4 Enable (3.7~)

If “Electronics On” has been executed —
Applies power to:

a) Ch 4 Preamplifier
b) Ch 4 Postamplifier

[ACH4D] ( 12) Channel 4 Disable (3.7~)
Removes power from:

a) Channel 4 Preamplifier
b) Channel 4 Postamplifier

[ACHON] (13) Cooler Heat On

”

If “Electronics On”, “Motor On” or “Telemetry On
has been executed — Applies power to:

a) Radiator Decontamination Heater
b) Patch Decontamination Heater

[ACHOF] ( 14) Cooler Heat Off
Removes power from :

a) Radiator Decontamination Heater
b) Patch Decontamination Heater

[ATLON ] ( 15) Telemetry Locked On

This command shall turn on the third of 3 paralel power switches
for Housekeeping Telemetry, thereby locking the telemetry on
independent of Commands 1 through 4. Specifically, this command
applies power to:

a) Electronics sw. regulator
b) Power converter

¢) =15V regulators

d) +5V Motor Logic Regulator
e) Clock Receiver

f) Motor Logic

g) Anaog Telemetry Circuits
h) Patch control circuitry

[ATNLO] (16) Telemetry Not Locked On
This command shall turn off the third of 3 parallel power switches

for Housekeeping Telemetry thereby returning the telemetry to the
control of Commands 1 through 4.

18.1-25



[AESDP]

[AESDII

{APCON]

[ APCOF]

[ACHSE]

[{ACH5D]

(17) Earth Shield Deploy
Applies power to:
a) Earth Shield Circuitry
(18) Earth Shield Disable
Removes power from :
a) Earth Shield Circuitry
(19) Patch Control On

If “Telemetry On” has been excented —
Applies controlled heat to

a) Patch
(20) Patch Control Off
Removes heat from patch
(21) *Channel 5 Enable

If “Electronics On” has been executed —
Applies power to:

a) Ch 5 Preamplifier
b) Ch 5 Postamplifier

(22) *Channel 5 Disable
Removes power from :

a) Channel 5 Preamplifier
b) Channel 5 Postamplifier

18.1.2.8.2.1.2 Mode Commands

[AVCONI (23) Voltage Calibrate On
If “Electronics On” and “Motor On” have been executed —
a) Deactivates IR & Daylight detectors.
b) Provides smulated earth scene and backscan video for al enabled
channels.
*Not used on AVHRR/!
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[AVCOF] (24) Voltage Calibrate Off
If “Electronics On” and “Motor On” have been executed —

a) Activates IR & Daylight detectors.
b) Deactivates smulated earth scene & backscan video,

[APCHM] (25) Patch Control High Mode

If “Telemetry On” has been executed —

a) Sets patch temp. control point to 108 °K for AVHRR/2.

[APCLM] (26) Patch Control Low Mode

If ‘Telemetry On” has been executed —

a) Sets patch temp. control point to 105°K.
[ASMHM] (27) Scan Motor High Mode

If “Motor On” has been executed —

a) Setsmotor sw. regulator voltageto HIGH LEVEL,
[ASMLM] (28) Scan Motor Low Mode

If “Motor On” has been executed —

a) Sets motor sw. regulator voltage to LOW LEVEL

18.1.2.8.3 MIRP Processing of AVHRR Data

This section is provided as an overview of the AVHRR/2 data processing ti:xt tuk.
place in the Spacecraft Manipulated Information Rate Processor (MIRP). The .viii2t<and.
data sample pulse to the AVHRR/2 digital output timing logic which results in the scguesn.iid
transfer of a data word for each radiometric channel. The MIRP processes these riataint~ iy
following four outputs.

18.1.2.83.1 Automatic Picture Transmission (APT) — Any two of the five AV 27 /2
channels can be command-selected for processing. This data undergoes the follcwii:g

(8 Resolution reduction by utilizing only one out of every three scans and averaging ‘iie
data within the line over an area equivalent to approximately four Field-of-View’'s
(FOV’s) at nadir.

(b) Geometric correction by the averaging algorithm which effectively transates :he datan
time so that each sample represents approximately 2 nmi of sweep on the Earth’: surface.
This trandlation reduces the perspective effect due to the Earth’s curvatiive and Lue caizl-
lite atitude.
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(c) Digita to Analog — The dlgntalty prrocessedt AFE data are conweated to a 2080-Hz band-
width analog signal, ampiitiude. motlnted onés a Z.4-kHz cammer, and bandwidth limited
to 4 160 Hz in preparatism fen tomzenriesing by fle VIE tronsmuriters.

18.1.2.8.3.2 Globa Area Coverage(@GasC) — YMIRE produney the GAC output by combining pro-
cessed AVHRR data with the TIP alata. Tike GAL frame wute i 2 fiunnes per sec; that is, it is one
third of the AVHRR scan rate. The GGAT gprroszasieg of fhe AVHRE. dista makes the frame rates
directly compatible by only usingtfe daxtz Trom: every thind AVHR® scam. The MIRP further re-
duces the data by producing only eas: weripat sempile for each five ot samples. The TIP word and
frame rate is directly compatible witih tihe CAT womd amd fraree mte;, five TIP minor frames are in-
serted (at 0.1 sec per frame) into e GiAC Frame eacle G5 sor. Twe parity bits are added to the 8-
bit TIP word to form the 10-bit NF#P weard, Tie £=AC cuttpatt s mglied only to the spacecraft
DTR Input Selector Unit of the XSU, amd it its, fherifoms,, omly swaildile far the transmission from
the tape recorders.

18.1.2.8.3.3 High Resolution Pictire Tremsmiksivm AHIRPT) — MIRY prudlces the HRPT and the
LAC outputs by combining unproossead AVHRR data with TI® ¢z, The basic frame rate and data
rate of the HRPT is compatible with: e AWHRR, Teritre, onfy bufffaing is required to con-
struct the HRPT frame from the AVEHRR custa, Bowesez, since the TIF frame rate is only one third
that required to fill the HRPT frame, the THP dees must e mepeated: thoee times. This is accom-
plished by repeating the five TIP raimur frames (14 wemds eardy ie exefz off three HRPT frames. As
in GAC, two parity bits are added tm dhe 8-kt TH womd te formm the 10-bit MIRP word. The
HRPT output is supplied to the S-Bwrd! trmarmgtiar tepert control for reafi-time transmission.

18.1.2.8.3.4 Loca Area Coverage LA} — LAL s, by defimtiom, nacende:d HRPT; thus, the LAC
output is supplied only to the sparmeraifi DIR iapot sefector for recondiing.

18.1.3  ACTIVATION SEQUENKE

18.1.3.1 AVHRR, 30°C RadiantCraikes

The activation sequence far the AWEKR/Z (&M 363, S¥N 208, S/N 206) instruments with
a 30 °C radiant cooler decontamimmivm feater i as tofowss

(a) Commands Prior to Laimch — Sean MedoxTelemeary O (ASM¥TN), Scan Motor High
Mode (ASMHM), and Takmetty Locked Om {ATLON).

(b) Gilmore 1 Commands- Elertromcs]Telexetty On (ATETND, repeat Telemetry Locked
On (ATLON), and Coder ffest O CACHHNL.

(c) Gilmore 3 Commands- THammsll § Toalde (ACHIFE) and Chammrel 2 Enable (ACH2E).

(d) Wallops 202 or 216 Cummranis.— Tunaemd spacecraft 28 voltt ‘bus current, analog telem-
etry channel 296, into 1 sexrmd diwedl snode prior to Earth Shield Deploy (AESDP), wait
until the telemetry condimes that e dooy is open aad serd’ Earth Shield Disable (AESDI),
Cooler Heat Off (ACECT), Patiln Tomtrd! Low Mode 4ARCEM), Patch Control On
(APCON), and command wsmueecraft 28 woilf hug cusrexnt ! second dwell mode off.

18.1-28



(e) Wallops 217 or 230 Commands — Channel 3 Enable (ACH3E), Channel 4 Enable
(ACH4E), and Channel 5 Enable (ACHSE).

18.1.4 CONSTRAINTS
18.1.4.1 General

The various modes of operation have specific requirements (constraints) that must be mei,
either prior to initiation of a mode or after it has been established. Constraints imposed for the

various operating modes are listed in the following paragraphs.

18.1.4.2 Prelaunch Mode

(@) The cooler door must be verified latched.

(b) Cooler and scan cavity dust covers must remain in place for testing.

(c) All command relays must be verified in prelaunch (off) configuration prior to putting
the AVHRR/2 into launch configuration.

(d) Baseplate temperature limits, during all modes, is 10 to 30°C.

(e) The decontamination heater system for the radiant cooler is a thermostatically <1
trolled system, originally designed to limit radiant cooler temperature to a maximuiu
of 30°C. This is consistent with the requirement that the HgCdTe detectors be kept
below 30 °C.

Special precautions must therefore be taken when operating the cooler heater in

testing these instruments to avoid detector temperatures in excess of 30°C because of
a possible detector performance degradation or failure.

18.1.4.3 Launch Mode
(@ Verify that dust covers are removed prior to launch.
(b) For launch the scan motor must be operating in the High Mode.
(c) See activation sequence 18.1.3.

18.1.4.4 Orbit Mode Constraints

The cooler door opening mechanism has a time-out device which automatically disables i
solenoid after the door has opened. For safety, however, the cover release DISABLE command
should be transmitted after positive indication has been received that the door is open.
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18.2 HIGH RESOLUTION INFRARED RADIATION SOUNDER (HIRS/2)

18.21  GENERAL

The High Resolution Infrared Radiation Sounder (HIRS/21) is a discrete stepping, line-
scan instrument designed to measure scene radiance in 20 spectral bands to permit the calcula-
tion of the vertical temperature profile from Earth’s surface to about 40 km.

Multispectral data from one visible channel (0.69 micron), seven shortwave channels (3.7 to
4.6 micron) and twelve longwave channels (6.7 to 15 micron) are obtained from a single telescope
and arotating filter wheel containing twenty individua filters. A mirror provides cross-track scan-
ning of 56 increments of 1.8°. The mirror steps rapidly, then holds at each position while the filter
segments are sampled. This action takes place each 0.1 seconds. The instantaneous field of view for
each channel is approximately 1.2” which, from an atitude of 833 kilometers, is an area
17.45 kilometer diameter at nadir on the earth.

Three detectors are used to sense the radiation. A silicon cell detects the energy through
the visible filter. An Indium Antimonide detector and a Mercury Cadmium Telluride detector
mounted on a passive radiator and operating at 105K sense the shortwave and longwave in-
frared energy. The silicon cell works at ambient temperature. The shortwave and visible detec-
tors share a common field stop, while the longwave uses a separate but identical field stop.
Registration of the fields in all channels are determined by these field stops with a secondary
effect from detector position.

Cadlibration of the HIRS/2I infrared channels is provided by programmed views of three
radiometric targets, a warm target mounted to the instrument base, a cold target isolated from
the instrument and operating at near 265K, and a view of space. Data from these views pro-
vide sensitivity calibrations for each channel at 256 second intervals if so desired. Internal elec-
tronic signals provide calibration of the amplifier chains at 6.4 second intervals.

Data from the instrument is multiplexed into a single data stream controlled by the TIP system
of the spacecraft. Information from the radiometric channels and voltage telemetry are converted
to 13-bit binary data. Radiometric information is processed to produce the maximum dynamic
range such that instrument and digitizing noises are a small portion of the signal output. Each char
nel is characterized by a noise equivaent radiance (NEAN) and a set of calibration data that may be
used to infer atmospheric temperatures and probable errors.

The HIRS/2I instrument is a single package mounted on the Instrument Mounting Plat-
form (IMP) of the TIROS-N series of spacecraft. A thermal blanket encloses most outer sur-
faces other than that of the radiating panel and door area. The radiating surface views space,
emitting its heat to provide passive cooling of the detectors to the 105K temperature. An earth
shield prevents thermal input from that direction, and is part of a door assembly that is closed
during launch and for an initial outgas period. The door is opened at the end of that period,
providing cooling. If indications of contamination occur the door remains open and heat is ap-
plied to bring both stages of the radiative cooler to near 300K.
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Table 18.2-I lists the general characteristics of the HIRS/2I Instrument. Table 18.2-2 lists
the spectral channels and sensitivity requirement for the HIRS/2I. Figure 18.2-1 provides the

scanning pattern of the scan mirror and the positions of the calibration targets relative to
earth-scan.

Table 18.2-1 HIRS/2 System Characteristics

Optica Field of View

Including Energy

Channel to Channel Regidtration
Earth Scan Angle

Earth Scan Steps

Step and Dwel Time

Total Scan plus Retrace Time
Earth Swath Coverage

Earth Field Coverage
Radiometric Calibration

Freguency of Rad. Cal.
Dwdl Time at Ca Postions
Longwave Channgls
Longwave Detector
Shortwave Channels
Shortwave Detector

Vishle Channel

Visible Detector

Signal Quantizing Levels

Electronic Calibration
Frequency of Elect Cal.
Telescope Aperture
Detector Temperature
Filter Temperature

18.2-2

1.22" dl channels
97% within 1.80"
1% of total FOV
99.0”

5 6

100 ms tota

6.4s

1127km

17.5km (1.22 FOV)

290K Black Body,
265K Black Body, and

Space Look

256 s, typical

5.6 s(4.85 at space)

12

Mercury Cadmium Telluride
7

Indium Antimonide

|

Silicon

8192 (13-bit coding)
4096 12-bit + sign

32 equa levels each polarity
One level each scan line (6.4 9)
15.0 cm (5.9 in)

105K

303K



Table 18.2-2 HIRS/21 Spectral Requirements

Channel Half Power
Channel Frequency pm Bandwidth NEAN (Spec.) NEAN (Goal)
{em™ cm™)
| 669 14.95 3 3.00 0.75
2 680 14.71 10 0.67 0.25
3 690 14.49 12 0.50 0.25
4 703 14.22 16 031 0.20
5 716 13.97 16 0.21 0.20
6 733 13.64 16 0.24 0.20
7 749 13.35 16 0.20 0.20
8 900 11.11 35 0.10 0.10
9 1,030 9.71 25 0.15 0.15
10 797 12.55 16 0.20 0.15
11 1,365 7.33 40 0.20 0.20
12 1,488 6.72 80 0.19 0.10
13 2,190 457 23 0.006 0.002
14 2,210 4,52 23 0.003 0.002
15 2,240 4.46 23 0.004 0.002
16 2,270 4.40 23 0.002 0.002
17 2,420 4.13 28 0.002 0.002
18 2,515 4.00 35 0.002 0.002
19 2,660 3.76 100 0.00 1 0.00 1
20 14,500 0.69 1000 0.1% O.10%A
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18.2.2 SYSTEM DESCRIPTION
18.2.2.1 Introduction

The HIRS/2l is a20-channel scanning radiometric sounder utilizing a steppirnig mirror to
accomplish cross-track scanning, directing the radiant energy from the earth to a single, 6-isich
diameter telescope assembly every tenth of a second. Collected energy is separated by ateam
splitter into longwave (above 6.5 pm) and shortwave (visible to 4.6 pm), passed througt fizld
stops and through a rotating filter wheel to cooled detectors. In the shortwave path a second
beamsplitter separates the visible channel to a silicon detector.

The scan logic and control set the sequence of earth viewing steps to provide a rapid scan mir-
ror step motion to 56 fixed positions for spectral sampling of each respective air column. The filter
wheel rotation is synchronized to this step and hold sequence, with approximately one-third of tie
wheel blank to accommodate each step interval and with the filters positioned for sampling only
after the mirror has reached the hold position. Registration of the optical fields for ¢..ch channel to
agiven column of air is dependent to some degree on spacecraft motion and on the a'i;nment f
two field stops, which can be adjusted to less than 1 percent of the field diameter.

Radiant energy is focused on cooled detectors operating at a near optimum temperature of
105K. A Mercury Cadmium Telluride detector and Indium Antimonide detect-: a7 w0 atec
on a two-stage radiant cooler. This assembly is large enough to have reserve couiir:; capacity .
permitting active thermal control to maintain the detectors at a fixed 105K. A sy:*em of

heating the patch and first stage is provided for initial outgassing and for decont::ination
later if it should be desired.

Electronic circuits provide the functions of power conversion, command, tel=m«try, and
signal processing. Amplification of the inherently weak signals from the detector:, 1z doneix
low noise amplifiers. Radiant signals are fed through a base reference and memo.-, srocessor,
multiplexed, and A/D converted by a 13-bit range system. Once converted to a dig, ‘' for:aat.
the data are again multiplexed with HIRS/2I “housekeeping” data and providerj as = -erial
data stream at the digital A output. Data from HIRS/2I are held in memory unti!  awed b o
TIROS Information Processor (TIP) request signals and clocked out of the yostr *v
TIP clock. A simplified diagram of the HIRS/2I system is in Figure 18.2-2

Repetitive inclusion of electronic calibration signals and the periodic com:na.... : at
space and two internal blackbodies provide the system with a complete set of data . .or co .
bration, and control that should permit reliable operation in orbit.

Genera characteristics of the HIRS/2I instrument are better understood through stud,; of
Figure 18.2-2 for electrical functions and Figure 18.2-3 which shows the major subassemblies
of the instrument in an exploded view.

The characteristics of the instrument temperature sensors are shown in Tabi-i8.2z- wnere
it may be noted that calibration sources are measured very precisely. Table 18.2-« s avpical
printout of the HIRS/2I test equipment during a system test.

18.2-5



9-T°8l

+20 VOC

™wMm
28 VDC COMMAND RELAY PWR o] DCTODC VOLTAQGE PWR FULL TIME
1 CONVERTER REQULATORS [+ TEMPTLM [
INTERNAL ANALOG
ELECTRONICS REG POWER ‘ TLM ()
+28 VDC ~——p{  POWER _ | RADIATOR DOOR DISTRIBUTION
FILTER b S8OLENOIOD THERMISTORS (2)
FILTER WHEEL
+28 VDG =—mremip] MOTOR .| RADIATOR/PATCH
POWER FILTER HEATER
8CAN MOTOR _ | FILTER HOUSING
+28VOC ] S o ER FILTER > HEATER
ELECTRONIC
DAMPING
10 VOC I/F PW
: PWA * Yy
COMMAND
PWR COMMAND _ | scan motor _ SCAN
COMMANDS — ] 'NI%':.;@C‘ RELAYS DRIVE CKTS. MoTOR  [*==-| ENCODER |- ———— -—
DIG 8 TLM (9) \ * I TACH TORQUE 8CAN
POSITION & COMMAND |l MOTOR MIRROR
CALIBRATION ——{ INTERFACE
COMMANDS Loaic
1.248 MHz ———9={ CLOCK/SYNC | DATA/S8CAN
1 8EC ——p=] INTERFACE »| CONTROL
32 8EC ——p-| CIRCUITS > LoGIC 1
¢ REF PICKUP ‘ )
il I FILTER WHEEL
motor I DRIVE CIRCU(TS
2] LONG WAVE
— DETECTOR > LW PREAMP
1 y
| ) Y DATA OUT
—»{  ANALOG _ A/D o DATA | N
———2 _, [snonT wave MULTIPLEXER | CONVERTER FORMATTER
—~————z__,| DETECTOR —_L> I INTERFACE
8/W VIS BUFFER
PREAMP
TTTTTTZ—e]  VISIBLE |
———z .| DETECTOR [ TEMP TLM ANALOQG TLM (B)
SIGNAL QRAD i
REFERENCED

THEAMISTORS (21) I

Figure 18.2-2. HIRS/2I system block diagram.



L~T81

SUN SHIELD REAR
"e40e0

SUPPORT ALAR
IR408

WARM TARGKT
0123301

0R4004

1l| s
N -
A :

Ny

]
SN
¢

Y
AIRi0R4

N COVER, TOP INSTRUMENT
N 0123320
. : /

PLATE PRONY
sl

y i PILYER / CHOPPER ASSY , :
\ sirises /\ .
' ! < A
,;4;;J/’///</ T
. e ;

o \\‘-o

SASEPLATE ASEY
8198

4 []1]
Perg )
‘. COLD TARGKT ASSY

et 8123302

\- PLATL SUPPORY

SCAN HOUSING
sirseet

Steuie 18,243, c1IRS/2E system subassembilies.

L—

CLECTRONIC ASSY

sitdite
RADIANT COOLER ASSY
HEAT BINK e12108
01g3322 .

\— RELAY OPTICSASSY
8i23309

! QPTICS ASSY
$i123310

DRAWING D8126180



Table 18.2-3

Sensor Temperature Ranges

Approximate

Subcomm - o Nominal @
. Digital Digital A '
Sensor Location Analog “p g(oK) Sengs tivity Operating
(°K) Counts/°K Temperature

Patch — full range 90 — 320 90 — 320 53 @ 105K
— expanded range 90 — 150 141 @ 105K
Radiator 150-320 150 — 320 60 @ 170K
F/W Motor 260 — 320 260 — 320 71 @ 300K
Scan Motor *260— 320 260 — 320 78 @ 295K
Baseplate *260 — 320 260 — 320 78 @ 290K
Electronics 260 — 320 260 — 320 78 @ 290K
Primary Mirror 260 — 320 78 @ 290K
Secondary Mirror 260 — 320 78 - @ 290K
Scan Mirror 260 — 320 78 @ 290K

F/W Housing -1 273.15K — 333.15K
-2 273.15K - 333.15K 152 @ 303K

-3 273.1 5K —333.15K

-4 273.15K — 333.15K

Internal Warm Target -1 273.15K — 333.15K
-2 273.15K — 333.15K 152 @ 290K

-3 273.15K — 333.15K

-4 273.15K — 333.15K

Internal Cold Target -1 243.15K — 303.15K
-2 243.15K — 303.15K 152 @ 273K

-3 243.15K — 303.15K

-4 243,15K — 303.15K

*Housekeeping TLM (full

18.2-8
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Table 18.2-4 Typical Digital A Telemetry

Instrument Temperatures
Place Counts Volts Temp. (C) Temp.(K

IWT 1 -2099.00 -2.564 14.40 287.64

IWT 2 -2111.00 -2.578 14.40 %@;EB

IWT 3 -2120.20 -2.589 14.35 '

IWT 4 -2104.00 -2.570 14.43 287.58

ICT 1 -503.60 -0.615 -4.77 268.3¢

ICT 2 -354.80 -0.433 -3.88 269.27

ICT 3 -364.40 -0.445 -3.95 269.20

ICT 4 -435.00 -0.532 -4.37 268.18

FW HSG 1 239.00 0.292 29.88 303.03

FW HSG 2 3 13.00~ 0.382 30.26 303.4:

FW HSG 3 195.00 0.238 29.55 302.70

FW HSG 4 308.00 0.376 30.28 303.43
PATCH EXP - 1500.60 -1.833 -166.56 106.59

RAD COOLER 2627 .00 3.208 -102.43 i7C.

SCAN MIRROR 1898.00 2.318 13.35 286.50

PRI TELESCOPE 1914.00 2.338 13.56 286.71

SEC TELESCOPE 2044.00 2.496 15.23 g,gg.gg |
HIRS BASE 1985.00 2.428 14.48 8 |
HIRS ELECT 2209.00 2.698 1731 {
HIRS PATCH 3119.00 3.809 -166.53 106.02 !
SCAN MOTOR 2 137.00 2.610 16.44 289.5

FILT WH MOTOR 3008 .00 3.674 28.07 3017

Instrument Voltages and Currents

Place Counts Vaue
F/W Housing HTR 1329.40 0.162 | AMP
ELECT CAL -2664.60 -3.254 | VOLT
ANALOG GRD 0.00
PATCH CONT PWR 1295.00 8.085 MILLIWATT
SCAN MOTOR 1746.00 0.853 | AMP
FW MOTOR CNT 1696.00 0.207 | AMP
+15 VDC 3062.00 14.958 VOLT
-15 vDC -3064.00 -14968 | VOLT
+7.5 VDC 3038.00 7421 VOLT
-7.5 VDC -3046.00 -7.440 | VOLT
+10 VDC 3256.00 9.941 VOLT
+5 VDC 30 17.00 4913 VOLT
ANALOG GRD 0.00
ANALOG GRD 0.00
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18.2.2.2 Instrument _Interfaces

The instrument interfaces consist of power, command, telemetry data systems. The data
are controlled and directed through the Tiios Information Processor (T1P). All electrical con-
nections to the HIRS/2I are made through the connectors listed in Table 18.2-5. A test connec-
tor is provided for use in subsystem and system test at the instrument level. This connector
(J7) is capped and not used in spacecraft testing or operation. The requirements of the General
Instrument Interface Specification (GIIS) 1S-2280259 are followed in the connection, operation
and control of interfaces to the spacecraft.

18.2.2.2.1 Power Input — The HIRS/2I instrument is powered from the Spacecraft + 28 volt
main buss, a + 28 volt pulse load buss; a switched + 28 volt analog telemetry buss and a + 10
volt interface buss. A separate input provides power to the base heater from the spacecraft
Temperature Control Electronics (TCE) system.

All power systems are brought to the HIRS/2I system on separate leads. The power
source-s remain separate within the instrument, with returns maintained separate for each sup-
ply. A single chassis ground is brought to the output connector on an isolated pin. Signal and
power grounds remain separate. A capacitive connection was made between signal ground and
the chassis at the radiant cooler to reduce noise in the longwave preamp.

The distribution of power is shown in Figure 18.24. It may be noted that Instrument Power
command is the primary control of power to the system. With this power switched on there is
power only to the telemetry dc—dc converter, providing output from analog telemetry aswell as
digital B telemetry even when other instrument functions are not turned on.

Table 18.2-5 HIRS/21 Interface Connector Types

Connector  No. Function Style Type
J1 Clock 9 Pin Male GSFC 3 11P405-1P-C-12
J2 Power 25 Pin Male GSFC 311P405-3P-C-12
J3 Command 37 Pin Male GSFC 311P405-4P-C-12
N Andog TLM 37 Pin Female GSFC 3 11 P405-48-C-12
J5 Digital TLM 25 Pin Female GSFC 311P405-35-C-12
J6 Data 15 Pin Male GSFC 3 11P405-2P-C-12
17 Test 50 Pin Femae GSFC 311P405-58-C-12
J8 HTR 9 Pin Female GSFC 311P405-1S-C-12
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With Instrument Power ON, any combination of subsystem power may be applied. This per-
mits the operation of the scan motor, filter motor, filter housing heater and door deployment inde-
pendent of system electronics such that combinations of functions may be selected for launch,
decontamination, standby or other operating conditions.

The power required for system operation is obtained from all the above sources. In normal
operating (misson) mode the average power demand is as shown in Table 18.2-6.

Table18.2-6 HIRS/2 Power Demand (Mission Mode)

+28V Regulated 8.1 watts
+28V Pulse, Scan 8.2
, F.W, 6.4
+10V Interface 0.1
+28V Command 0
+28V Telemetry .03
Base Heater 0
Total Average * 22.8

*Smilar for HIRS/21

Peak current demands occur periodicaly during the scan cycle for short durations. At that
time the power demand may reach 27.5 watts.

During system outgas an additional 28 watts for HIRS/2I may be required to maintain
the cooler components at their prescribed temperatures. When the cooler door is closed at ini-
tial outgas this peak load is intermittent, adding only 5 watts to the average load.

18.2.2.2.2 Commands — The commands to the HIRS/2I instrument are al pulse commands,
activating relays or directly controlling a circuit element. The commands are listed in Table
18.2-7.

One feature of the HIRS/2I instrument is the automatic reset of many of the commands
when Instrument OFF is received. Commands 1-19 will reset to the OFF condition at that time.
This ensures that when the instrument is turned on again that the system will be in a defined
condition, assuring a low power condition and providing a basis for a consistent turn-on
sequence.
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‘Command

Table 182-7 HIRS/2I Comrrands

Descrp tion
No. [ SIC MNEMONIC] P

1 Instrument ON Thi comerand vomnects both the +28 electronics bus and

[H2PON] pulse bus to HIRS/Z and energizes the DC/DC converter,
permifting subcomm analog temperature monitoring in the
atsrnce of dl other power.

2. Instrument OFF Discommerts all +28V busses from the instrument except
[H2POF] 428V bus for conrmands 2 full time+28V telemetry bus.

i returns all other commands o OFF or disabled condition
except asnoted (see 18.2.4.2).

3. Scan Motor ON Praviigkes power to the scam rwotor. When used with elec-
[H2SMN] tronics off, it drives stzam motor in a continuous stepping

mode, Tihus feature is ssed during launch to prevent dam-
age to mewor bearings

4, Scan Motor OFF Commizmé «can moinr. off.

[ H2SMF]

5. Filter Whed Provides power to the Filter Wheel drive motor. Permits
Motor ON filter wieel operation mear synchronous speed when elec-
[H2FWN] tronics power is off.

6. Filter Whed Commands filter wheel motor off.

Motor OFF
[H2FWF]

7. Electronics ON Provides power to al remaining electronic and data
[H2ELN] handling systems

8. Electronics OFF Commands el ectronics power off.

[H2ELF]

9. Cooler Heat On Provides power to first and second stage cooler heaters.

[H2CHN] Used during orbital decontamination.
10. Cooler Heat OFF Commands cooler heater power off.
[{H2CHF]
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Table 18.2-7. HIRS/2I Commands (continued)

Command
[S'C MNEMONIC1

Description

11.

12.

13.

14.

15.

16.

17.

Internd Warm Target
(IWT) Podtion
[H2IWT]

Internal Cold Target
(ICT) Podtion
[H2ICT]

Space Postion
[H2SPA]

Nadir Position
[H2NAD]

Position Disable

[H2PDA]

Cdlibration Enable
{H2CLE]

Cdlibration Disable
[H2CLD]

When the instrumentisin the calibration enable mode this
command causes the scan mirror to move to the interna
warm target after completion of the current scan line and
retrace to step zero. The scan mirror will remain at the IWT
until this command is disabled by Position Disable (see
18.2.4.2).

When the instrument is in the caibration enable mode this
command causes the scan mirror to move to the interna
cold target after completion of the current scan line and
retrace to step zero. The scan mirror will remain at the ICT
until this command is disabled by Position Disable.

When the instrument is in the caibration enable mode this
command causes the scan mirror to move to space after
completion of the current scan line and retrace to step zero.
The scan mirror will remain a space until this command is
disabled by Postion Disable.

When the instrument is in the calibration enable mode this
command causes the scan mirror to move to nadir after
completion of the current scan line and retrace to step zero.
The scan mirror will remain a nadir until this command is
disabled by Postion Disable.

Disables the IW'T, ICT, Space and Nadir position commands
and returns scan mirror to scan step 0. Scan will resume
upon receipt of next line sync (first element) pulse.

Enables the radiometric calibration control logic. When
sent, the scanner will continue line scanning until the next
major frame sync pulse. It will then execute a normal cali-
bration sequence. Subsequent cdibration sequence will be
executed upon receipt of a Calibration Start Pulse (as
described in Section18.2.2.2.3) coincident with major
frame sync.

Disable the instrument calibration mode. In this mode the
instrument will ignore the spacecraft calibration start pulse.
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Table 18.2-7 HIRS/2I Commands (continued)

Command

Descrip {i
[SC MNEMONIC } escrip tion

No.

18. Cover Release Enable Provides power to the earth shield release solenoid drive

[H2CRE]} circuit only after Instrument Power is ON.
19. Cover Release Disable Reset the Cover Redease Emable relay to the OFF position.
{H2CRD]
20. Cooler Cover Deploy Commands opening of cooler door by apptyisg atwo
[H2CCD] second pulse to the cover release solenoid. Operates only
if Instrument Power On and Cover Release Enable com-
mands are sent.

The following commands will not be affected by the instrument off command.

21. Filter Housing Provides power to filter housing heaters and automatic
Heat ON temperature control circuitry.
[H2FHN]

22. Filter Housing Commands filter housing heat off.
Heat OFF
[ H2FHF]

23. Patch Temp. Provides power to patch temperature control heater to
Control ON control patch at approximately 107°K.
[H2PCN]

24. Patch Temp. Commands patch temp. heater off permitting patch to
Control OFF seek equilibrium temperature.
[ H2PCF]

25. Filter Motor Applies preset power level to filter wheel motor for norins!
Normal Power operation.
[ H2FMN]

26. Filter Motor Applies maximum power to filter wheel motor for cold
High Power operation and end of life conditions.
[ H2FMH]

18.2-15
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18.2.2.2.3 Timing Signal Inputs — The HIRS/2I system is controlled by the spacecraft 1.248
MHz clock signal, the 32-second major frame signal and a 1 Hz clock signa (minor frame
synch signal). From these inputs we generate the timing necessary to contral the:

filter whed rotation

scan mirror drive

data format and storage

power converter frequency
sgnal collection-and processing

One of the features of the HIRS/2I timing system is that the scan system and filter
wheel systems have independent timing circuitry for their individual use when the instrument

electronics is off. When electronics is turned on both systems are locked to the spacecraft
clock system.

The filter wheel rotation starts independent of the clock system, but when electronicsis turned
on the filter wheel is controlled such that its rotation rate is synchronous with the 0.1 second tim-
ing of the data system and the wheel position is brought into phase with the minor frame synch
sgnd to assure data collection is coincident with the data processing eectronics. During each
individual radiometric channel collection interval the start and stop of the collection isindependent
of the clock system being controlled by atiming disk on the filter wheel. This eliminates any
disturbance of signal timing by a slight variation in wheel rotation during system operation.

The data from the HIRS/21 system are called from a storage register by the TIP inter-
rogation signal (A, Select). The TIP also provides an 8320 Hz clock to the instrument for
clocking out the Digital A data (C, clock pulse). These pulses are defined in the GIIS.

In addition to the clock pulsesthere is a Calibration Start Pulse occurring every 256 seconds
that activates a sequence of scans that provide radiometric calibration of the instrument. When the
Cdliibration Disable command is in effect this calibration pulse will be ignored and the instrument
will continue its norma scan sequence.

The major frame pulse is used to establish areference for the start of scan sequence and to
synchronize the retrace telemetry data to the TIP major frame so that electronic calibration and
telemetry data go into known data slots.

18.2.2.2.4 Digitar A Data Output — The data from the HIRS/2I are provided to the TIP
system from a storage register. The TIP clock pulse (C,) and Data Select pulses determine the
time at, which data are called out. The TIP formatter calls out groups of 8-bit words in a se-
guence that multiplexes HIRS/2I data with that of other instruments. Because of the large
guantity of HIRS/2I data to be transmitted and the use of 13-bit decoding of radiometric data
it was not possible to format the HIRS/2I data into neat 8-bit segments. The HIRS/2I data
are therefore provided as a continuous stream with 13-bit word lengths. During any minor
frame there are 288 bits of data, each bit identified as to its purpose. The data are described in
Table 18.2-8.

The data changes during the scanning process, but the format remains the same during the 56
earth scan elements. During retrace the data format changes to provide measurement of the internal
electronic calibration signals and to sample all of the telemetry data.

18.2-16
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Element 0 — 55
Bit1-—8
Bit9 — 13
Bit 14 — 19
Bit 20 — 25
Bit 26
Bit 27 — 286
Bit 287
Bit 288

Element 56 — 63

Bit 1 - 26

Bit 287,288
Element 56

Bit 27 — 286
Element 57

Bit 27 — 286
Element 58

Bit 27 — 91

Bit 92 — 156

Bit 157 — 221

Bit 222 — 286
Element 59

Bit 27 — 91

Bit 92 — 156

Bit 157 — 221

Bit 222 — 286
Element 60

Bit 27 — 91

Bit92 — 156

Bit 157 — 221

Bit 222 — 286

Table 18.2-8 HIRS/21 Data Output

Encoder Position

Electronic Ca Levd

Channel 1 Period Monitor

Element Number

Filter Sync Designator

Radiant Signal Output (20 Ch x 13 Bits)
Vaid Data Bit

Minor Word Parity Check

Same as above
Same as above

Positive Electronic Cal. (Cal. Level Advances
one of 32 Equal Levels on Succeeding Scans)

Negative Electronic Cal.

Internal Warm Target #1, 5 Times
Internd Warm Target #2, 5 Times
Internal Warm Target $3, 5 Times
Internal Warm Target #4, 5 Times

Internal Cold Target #1,5 Times
Internal Cold Target #2, 5 Times
Internal Cold Target #3,5 Times
Internal Cold Target #4,5 Times

Filter Housing Temp #1,5 Times
Filter Housing Temp $2, 5 Times
Filter Housing Temp #3, 5 Times
Filter Housing Temp $4, 5 Times
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Table 18.2-8 HIRS/2I Data Output (continued)

Element 6 1
Bit 27 — 91 Patch Temp Expanded, 5 Times
Bit 92 — 156 First Stage Ternp, 5 Times
Bit 157 — 221 Filter Housing Control Power/Temp., 5 Times
Bit 222 — 286 Electronic Cal DAC, 5 Times
Element 62
Bit 27 — 39 Scan Mirror Temp
Bit 40 - 52 Primary Telescope Temp
Bit 53 — 65 Secondary Telescope Temp
Bit 66 — 78 Baseplate Temp
Bit 79 - 91 Electronics Temp
Bit 92 — 104 Patch Temp-Full Range
Bit 105 - 117 Scan Motor Temp
Bit 118 — 130 Filter Motor Temp
Bit 131 - 143 Anaog Ground
Bit 144 — 156 Patch Control Power
Bit 157 — 169 Scan Motor Current
Bit 170 — 182 Filter Motor Current
Bit 183 — 195 +15VILC
Bit 196 — 208 -15 VvDC
Bit 209 — 221 +7.5 VDC
Bit 222 — 234 -7.5VvVDC
Bit 235 — 247 +10VDC
Bit 248 — 260 +5VDC
Bit 261 — 273 Anaog Ground
Bit 274 — 286 Anaog Ground
Element 63
Bit 27 — 39 Line Count
Bit 40 — 41 Fill Zeros
Bit 42 — 44 Inst. SIN
*Bit 45 - 52 Command Status
Bit 53 — 57 Fill Zeroes
*Bit 58 — 65 Command Status
Bit 66 — 78 Binary Code (1,1,1,1,1,0,0,1,0,0,0,1,1)
+3875 (Base 10)
Bit 79 — 91 +1443
Bit92 — 104 -1522
Bit 105 — 117 -1882

*Command Status Bits
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Table 18.2-8 HIRS/2I Data Output (continued)

Element 63 (continued)

Bit 118 — 130 ~-163]

Bit 131 — 143 -li4i

Bit 144 — 156 +11725

Bit 157 — 169 +3655

Bit 170 — 182 -2886

Bit 183 — 195 -3044

Bit 196 — 208 -3764

Bit 209 — 221 -3262

Bit 222 — 234 -228%

Bit 235 — 247 -225 i

Bit 248 — 260 +3214

Bit 261 — 273 +1676

Bit 274 — 286 +1992
*Bit 45 Instrument ON/OFF ON -
*Bit 46 Scan Motor ON/OFF ON =0
*Bit 47 Filter Wheel ON/OFF ON = (¢
*Bit 48 Electronics ON/OFF ON =3}
*Bit 49 Cooler Heat ON/OFF ON = G
*Bit 50 Internal Warm Tgt. Pos TRUE =.
*Bit51 Internal Cold Tgt. Pos TRUE = 0
*Bit 52 Space Pos. TRUE = ¢
*Bit 58 Nadir Pos. TRUE =0
*Bit 59 Cadlibration Enable/Disable ENABLFD =0
*Bit 60 Cover Release Enable/Dissble ENABLI: vz -
*Bit6 1 Cooler Cover Open YES = :
*Bit 62 Cooler Cover Closd YES
*Bit 63 Filter Housing Heat ON/OFF O N -
*Bit 64 Patch Temp Control ON/OFF ON = =
*Bit 65 Filter Motor Power HIGH NORMAL =1

* Command Status Bits

Scan Element 0 describes the data at the time of viewing the first scan position. Scan Flement
55 designates the last earth scan position. Scan Elements 56-63 occur during retrac - dusiny . oy il
earth scanning. The same element number designations continue when the scan is «..mmariie’. a
calibration target. Normally the mirror motion between calibration targets takes place dur = tiie
normal retrace interval. In the case of slew to the space look position the motio: ocears Juring
scan elements 0 to 7. Data reduction must take this into account as required.
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In order to aid determination of times when data should not be used we have included aValid
Data Bit into the data stream. This bitisa“1” when al conditions are normal and data may be
considered good. It will be a“0” when the scan system isin aslew mode or when the filter wheel is
not synchronized to the timing system.

The HIRS/2 data output is tabulated in Table 18.2-8. Much of the data format is repetitive
for dl scan dements.  Encoder position is the sensed position of the scan mirror in 1.8” increments.
The scan positions are described later, but it may be noted that encoder position “1” occurs at the
first earth scan position, hence will be the encoder position noted during element “0”".

Electronic calibration level advances from 0 to 3 1, defining the step level measured in each
radiometric channel during elements 56 and 57. Since both a positive and negative calibration is
made at the end of each scan line the level applies to both. The step level starts at 0 on the first
scan after a calibration start pulse and continues repetitively after that, even when calibration is
disabled.

Channel 1 Period Monitor measures the variation in time interval of a segment of the filter
wheel on each rotation. The reading measures 1.248 MHz clock intervals of that segment, hence de-
fines velocity variationsto a granularity of 0.8 microseconds. Thisis adiagnostic output and is not
used in system data processing or evaluation.

Element Number is the number of this data group. It advances from 0 to 63, with element O
related to the first earth scan position. The element number repeats regardless of scan position or
mode.

Filter Sync Designator is a “1” when the filter wheel isin synchronism with the timing system.
Thisis diagnostic data not normally used in data collection or processing.

Radiant Signal Output isthe 13 bit level measurement of the signals coming from the various
sensors. Thefirst bitisasign bit (*“1°* negative, “0” is positive). The datais in binary code from
Most Significant Bit to Least Significant Bit.

Minor Word Parity Check is a bit inserted to make the total word odd. This permits
automatic checking for data losses in the transmission of the data from the HIRS/21.

In Elements 58-60 we note that there are four temperature sensors and that each sensor is
sampled five times. This provides a more accurate measurement of the critical sensor temperatures.

In Element 6 1 and 62 the data multiplexer connects other voltages and temperature sensors to
the analog to digital converter and monitors essentially all of the major test pointsin the system.

Element 63 consists of command status, instrument serial number, total line number (13 bit
natural binary) since the last radiometric calibration, and a fixed pattern of fill bits.

The HIRS/2I instrument serial number is preset for each instrument in element 63, bit
4244. The Protoflight has the designation 001, the flight models will be designated 002 on
up.
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Command Status is a tabulation of the commands as given at the end of the listing.

18.2.2.2.5 Telemetry Outputs

18.2.2.2.5.1 Digital B Housekeeping Telemetry — The Digital B one-bit status telemetry is
available at the instrument interface at all times. The 3.2-second subcom generated by the TIP
will sample each Digital B Telemetry Point once every 3.2 seconds. In the HIRS/2I instrument
the Digital B outputs are discrete bilevel signals of 0 or 5V nominal relating to a YTogic 1 or 6.
The functions monitored and the state relative to the output level are shown as a part of ‘Table
18.2-9. The Digital B data are available at any time that Instrument Power is ON.

18.2.2.2.5.2 Analog Housekeeping Telemetry — Selected temperature sensors and voltages are pro-
vided for analog telemetry. Fourteen positions are brought to the Analog TLM conneciur. i'we
additional full time telemetry outputs are also brought to this counter even if the instrument is .-ff.

These points are sampled at either 16 or 32 second intervals as shown in Table 18.2-g.

18.2.2.2.5.3 Full Time Analog Telemetry — A switched + 28V buss is provided i:: the
HIRS/2I for measurement of two temperature sensors even when the instrument is cff.
These two sensors are separate from those connected to the instrument power system. A
baseplate temperature sensor and a scan motor sensor are considered capable of defining ib«
general system temperature under instrument OFF conditions.

18.2.2.2.6 Mechanical Interface — The HIRS/2I instrument is mounted on the Instrurest
Mounting Platform (IMP) of the TIROS-N spacecraft. The unit mounts by means of six
mounting pads. Mechanical characteristics of the unit are shown in Figure 18.2-5, & ;%8
Interface drawing. In this drawing the maximum dimensions of the instrument ar: .nowr: it}
the cooler door open and closed and with the thermal blanket in place. The mounts and center
of gravity are shown on this drawing.

18.2.2.2.7 Therma Interfaces — Thermal characteristics of the HIRS/2I are based on a
thermal balance providing independence of the instrument from thermal conductina through
the mounting surfaces. Temperature control is maintained by the use of a thermai insulating
blanket over much of the outer surface of the instrument. The cooler housing openings, scais
cavity and sun shields are exposed to space, earth, sun, and spacecraft radiant iny A<; g
ing on the view factors. Thermal balance is maintained by radiation from tiie bas.yiic
through the Temperature Controlled Louvers of the IMP. Since this base radiant-e ‘<
limited we are providing some added radiant area to the scan housing (20.3squa:i: :aee .
had direct emission to space. With this design we can maintain a constant 15°C tem erati: €
using only the vane control of the IMP system. Figure 18.2-6 is the Thermal Interf..c¢dra.ving.

18.2.3  OPERATIONAL MODES

The scan system has three basic modes of operations: 1) launch mode, 2) :nissicnrod.
3) commanded position mode. In addition to these, continuous step mode is introduce i vt
tically if the reference tracks are lost during normal mission mode.
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Table 18.2-9 Telemetry
s Analog*, | Sample s Analog*, | Sample
Digital A Ch. No. Rate Digital A Ch. No. Rate
Scan Mirror Temp X Cold Tgt Temp 1 X
Primary Mirror Temp X 2 X
Secondary Mirror Temp X 3 X
Radiator Temp X X,6 32 4 X
Baseplate Temp X Channel 1 Period X
Electronics Temp X X,22 32
Patch Temp Full X X,231 32 Patch Ctrl Pwr X X,255 32
Patch Expanded Temp X
Scan Motor Temp X : +15 VvDC TLM X,366 16
Filter Motor Temp X X,246 32 =15VDC TLM X271 16
Filter Hsg Temp 1 X +5VDC TIM X,301 16
2 X +15VDC X
3 X -15viX X
4 X 16 +10VDC X
Filter Hsg Current X X285 +5 VDC X
Warm Tgt Temp 1 X 374 +7.5 VDC X
2 X -7.5VDC X X334
3 X +10 VDC TLM i 16
4 X -7.5 VDC TLM X,359 16
+7.5 VDC TLM X,342 16
Cooler Hsg Temp X Scan Mtr Current X X,245 32
F/C Mtr Current X X,261 16
Cal Step Voltage X 262
ov +5V .
Digital B Telemetry (Logic 1)  (Logic 0) Full Time Telemetry Sample Rate
Instrument Pwr ON/OFF Baseplate Tempetrature 32,Ch. 14
Electronics Pwr ON/OFF Scan Motor Temperzture 32,Ch. 239
Filter Motor Pwr ON/OFF
Scan Motor Pwr ON/OFF
Cooler Heater ON/OFF
Filter Housing Heater ON/OFF
Cover Release ENABLE/DISABLE *Subcommutated Analog
Window Heater OFF/ON
Nadir Position YES/NO
Calibration Sequence ENABLE/DISABLE
Cover Closed NO/YES
Cover Open NO/YES
Filter Motor Pwr HIGH/NORMAL
Patch Temp Control ON/OFF
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18.2.3.1 Launch Mode

Launch mode is used during the launch of the space vehicle into orbit. The scan mirror rotates
continuously at 78 steps per second in the low power mode. This mode is automatically entered
when instrument power and scan power are commanded on without el ectronics power being com-
manded on.

18.2.3.2 Mission Mode

Mission mode is the normal operating mode of the scan instrument. To enter into this mode,
Instrument Power, Scan Power and Electronics Power must al be commanded on. Normally, CAL
ENABLE would be commanded on, in which case, the scan would perform a calibration sequence
each 256 seconds (40 line intervals). That is, the scan would earth scan/retrace 37 lines, perform a
calibrate sequence for 3 line intervals, then repeat. The 3 line calibrate sequence can be omitted by
commanding CAL DISABLE. Whenever CAL ENABLE is commanded from a CAL DISABLE con-
dition, the scan will perform a calibrate sequence initiated by the first-major frame pulse following
the CAL ENABLE command. Thereafter, a calibrate sequence will be performed whenever = CAL
START pulse (256 seconds) is received, as long as CAL ENABLE condition exists. Outgassing of
the instrument is done after electronics on is sent (see Activation Sequence 18.2.5).

18.2.3.3 Commanded Position Mode

This mode can only be entered from normal mission mode. CAL ENABLE condition must
exist and a Position Commanded (i.e., MADIR, Space, ICT or IW’T). After aposition command is
entered, the scan will continue its present operation until it reaches start of scan position (REF-O).
The scan will then wait at REF-O until the first scan element “0” (SEO) pulseis received from the
Scan Element Counter/Decoder. At receipt of SEO pulse, the scan will lew forward to the com-
manded position. It will remain at the commanded position until a POSITION DISABLE command
isreceived. Immediately upon receipt of a POSITION DISABLE command, the scan will leave the
position and slew forward to start of scan position (REF-O).

A position would normally be commanded only in the event of a suspected imminent rota-
tional failure of the Scan System or to extract long-term calibration data at a calibration position.

In the event of imminent failure of the scan rotationa system, it may be advisable to achieve
the position, then command Scan Power off. In this case, the scan mirror will remain at rest 0.9”
(*2 step) from the energized position. That is, if Nadir Position is achieved, then, Scan Power Off is
commanded, the scan will rest at a position midway between steps 27 and 28 (1.8' from true
Nadir).

18.2.3.4 Continuous Step Mode

The Continuous Step Mode cannot be entered into by command. It is entered automatically
in the event that both reference track signals (start of scan position) are lost. If the scan isin nor-
ma misson mode, (Position Disabled) and two consecutive mgor frame pulses are received without
an REF-O signal being generated, the scan will enter a continuous forward stepping mode at the
normal stepping rate of 0.1 seconds per step or 20 seconds per rotation. Complete radiometric data
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from earth scan, space, ICT and IWT will be available during each rotation. It is possible to modify
ground system programs to recover this sounding data, which would include a 56 step earth look
and alook at each calibration position on each rotation. The 20 second repetition rate in place of
6.4 seconds would reduce resolution along the satellite track to one-third the original. Calibration
data would need to be accumulated for averaging.

1824  FUNCTIONAL DESCRIPTION

Figure 18.2-7 isabasic block diagram of the Scan System. The heart of the scan systemisa
stepper motor with 200 steps per rotation. Assembled to the shaft of the stepper motor are (1) a
scan mirror mounted with the mirror surface plane at 45° with respect to the axis of the motor
shaft, (2) a DC torque motor, (3) a DC tachometer, (4) a shaft position encoder and (5) atwo contact
dip ring assembly.

The drive control signals for the stepper motor are generated by a step generator which hasin-
put control features for retrotorque control, step/slew control and rotational direction control (up/
down). Output from a scan regulator with power level control is applied to the motor driver to
provide stepping torque levels as required.

Scan Control logics utilize timing signals and position commands in conjunction with position
information derived from a position encoder to monitor and control performance of the system.

A tachometer is used to derive rate information which is used to control a DC torque motor
to aid stopping of the scan rotation as the scan settles into atrack position or into a step position.

Connections to athermal sensor on the scan mirror are provided viatwo leads from the mirror
through the hollow motor shaft to a dlip ring assembly at the opposite end of the shaft.

The following discussion is a detailed functiona description of the scan system as it performs
under the severa possible conditions. The conditions include launch mode, misson mode (with
variations of commands) and failure modes. This description will not refer to any command func-
tions other than those directly relating to scan system performance (e.g., Filter Motor Power would
normally be commanded on during the turn-on sequence of commands. However, it will not be
included in the turn-on sequence of commands in this description). (Figure 18.3-8 is a detailed
block diagram of the scan system to aid in following this description). The functional blocksin this
diagram do not represent division of functions per subassembly, pw board, etc. as they are incorpor-
ated in the scan system.

18.2.4.1 Launch Mode

To enter launch mode, Instrument Power and Scan Power must be commanded on without
Electronics Power being commanded on. In this condition, absence of + 1 OVDC-2 is detected and
the following conditions are forced:

(8 TheREF LOST detector isheld in reset condition.

(b) GO-TO logic is inhibited from recognizing a Postion Command.
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(c) STEP/SLEW logic is forced into dew condition, which in turn forces L1?/DOWN logic
into UP condition.

(d) Power control logic (within position track logic functional block) controls the scan regu-
lator to launch power level (low power).

(e) Encoder eectronics are inhibited from generating position track signals,

Thus, during launch mode the scan slews up (forward) at low power level and cannot be command-
ed to a position or receive areference track signal (start of scan position).

18.2.4.2 Mission Mode

To enter Misson Mode from launch mode only requires that Electronics Power be commianded
on. It should be noted that when Instrument Power is commanded off, CAL ENABLE and POs!--
TION DISABLE are automaticaly accomplished.

When Electronics Power is commanded on, encoder eectronics and postion track logic are
immediately enabled. This causes scan power to immediately go to high power mode, slew rate re-
maining at 78 steps per second until the scan reaches REF-0O.- This track is now recognized; the
slew clock is commanded to stop and the scan regulator is switched to low power, %h~n the scau
enters th.e REF track, which is 5.4° of arc, the amplifier controlling the torque motor is switche.d
to high gamn condition to assist in stopping the scan motion. This damping action endures for atc: .t
80 milliseconds. The track,in conjunction with motor step zero (of zero through 3) causes the steppe:
motor to settle with the scan centered in the REF track. Also, when Electronics Pos. s com-
manded on, a start-up delay latch is enabled, which is set on the trailing edge of ti:e . ol'nuing
major frame pulse (32). Thisin turn enables the REF LOST detector and CAL STi-u:i&h. he
STEP/SLEW logicis still forced into SLEW condition (now by virtue of the CAL STT UPlatch be
ing set), thus, the scan remains at start of scan position.

The leading edge of the next major frame pulse clocks the STT-UP latch to ae: Trion,
This initiates a calibrate sequence, which is controlled by a shift register inthe CAI. &t "IN E
GENERATOR. Now asignal indicating that a calibrate cycle isin process continue? s- orce -2

STEP/SLEW logic to SLEW condition.

When the calibrate sequenceisinitiated, the REF-O latch is cleared, thelew c: sck ‘e ., dana
the shift register prepares the position track logic circuits to recognize SPACE TRA: |, O " R
STEP 0. Removal of the SL CL STP (slew clock stop) signal causesan ACC SL STiac  lera.ed
slew start) pulse to be generated. This initiates generation of an accelerated slew/ramp .y a genera
tor which contains an oscillator, up/down counter and DAC, along with associated control logic.
Duration of the up/down ramp is 0.5 seconds. It is applied to the slew clock rate ccntr~lan
causes the slew rate to increase for about 0.25 seconds, then decreasein thenext 0. = or s
(again to 78 steps per second). Amplitude of the ramp is determined by switching s:... udio
the DAC output, the switching being controlled by the CAL SEQUENCE shift registe:  Zie o
SPACE position has the most severe ramp, resulting in a peak slew rate of nearly 200st;:pc  ec-
ond. Slew from position to position during a calibrate sequence is nominally accomplisiied .:4). 5
to 0.6 seconds then allowing 0.2 to 03 seconds additional (0.8 seconds total) for settling into the
position.
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Subsequently, SE56 pulse from the Scan Element Counter/Decoder advances the shift register
until it has cleared itself. At this time, the scan has advanced to REF-O and is awaiting the next
SEO Pulse from the Scan Element Counter Decoder to initiate its next action.

If no other command has been given (such as a Position Command), a receipt of SEO signd,
the step latch will be set (in the step/slew logic) and the stepper motor willbegin to step forward
(up) at 10 steps per second as determined by 10 pps from the Scan Element Counter/Decoder. A
specia feature called’ retrotorque damping is used to control the characteristic with which the scan
settles into each step position. At the time that the motor winding control is changed to a braking
function (retrotorque), the DC torque motor is energized to aid in step settling.

Stepping continues at 10 steps per second until SE56 isreceived. At thistime, the step latch
is reset to dew condition, the UP/DOWN latch is reset to down, the scan power level is switched to
high, the dew clock is enabled and an accelerated dew ramp is generated. Thus, a receipt of SES56,
the scan ramp slew backward (down or “retrace”) at high torque level until it reaches the reference
track, motor step 0, at which time the slew clock is commanded to stop, the scan halts and scan
power level goesto low. (It should be noted here that the scan will always stop at REF-0 when
Electronics Power is on, and wait for the next SEO pulse before proceeding with any further action.)
Unless altered by receipt of another command, the scan will continue this step/retrace until a cal
start (256) pulseisreceived, at which time an automatic calibrate sequenceis again performed. As
long as CAL ENABLE command is in effect, and no other command is received to ater scan opera-
tion, the scan will continue repesting scan/retrace for 37 lines, calibrate sequence for 3 line intervals.

If a postion is commanded with CAL ENABLE in effect, the scan continues its present oper-
ation until it reaches REF-O. There, it awaits SEO signal at which time step/slew logics are forced
to slew condition, which in turn forces up/down logic into UP condition. An accelerated slew ramp
is generated, however, severity of rate control is very dight. When a Position Command has been
acknowledged, al other scan operations are ignored until a POSITION DISABLE command is re-
ceived. A position command cannot be received unless CAL ENABLE is in effect. However, once
the Position command has been received, the Postion will be maintained even though CAL DIS
ABLE command has been received.

Upon receipt of POSITION DISABLE command, dew clock is enabled, accelerated dew ramp
is generated, scan power level goes high. Thus, the scan ramp dews forward immediately in search
of REF-O position.

When CAL DISABLE is in effect, CAL START (256) pulse is ignored and position commands
areignored. Thus, the scan enters a continuous step/retrace mode.

18.2.4.3 Continuous Step Mode

If, during misson mode, the reference tracks fail, the scan will continue its present operation
until it seeks the reference track, motor step 0 (REF-0O). If thisis during retrace, it will continue
slewing until SEO signa sets the UP/DOWN logic to UP condition. Then, it will dew forward in
search of REF-O. Thiswill continue until the 2nd major frame pulse, at receipt of which the ref-
erence lost latch is set, forcing the step/dew logic into step condition, and UP/DOWN logic into UP
condition, disabling SE56 from reversing the UP/DOWN logic. Thus, the scan will continuoudly
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step forward in low power mode. Calibrate logic is dasabled. Position commands can be received

if CAL ENABLE isin effect. However, the position will be achieved by position track logic disabl-
ing the step generator when the position has been reached. When the position disable command is
given, the step generator is enabled and the scan continues stepping forward at 10 steps per second.

If a any time areference track signal is generated, the REF LOST latch is reset and normal
operation is attempted.

18.2.5 ACTIVATION SEQUENCE

18.2.5.1HIRS/21I 30°C Radiant Cooler

The activation sequence for the HIRS/2I instrument (FM-11 through -71) with its 30°C
radiant cooler decontamination heater is as follows:

(a) Commands Prior to Launch — Instrument On (H2PON), Scan Motor On (H2SMN), Filter
Motor Normal Power (H2FMN), and Filter Wheel Motor On (H2FWN). Note: The stored
command “on/off’ for the outgassing/cooler heater may remain unchanged as a precau-
tionary measure against accidental HIRS/2 cooler door deployment.

(b) Gilmorel Commands — Electronics On (H2ELN) and Cooler Heater On (H2CHN).

(c) Wadlops 2 16 Commands — Cooler Door Release Enable (H2CRE), cormmand spacecraft
28 volt bus current, analog telemetry channel 296, into 1 second dwell modes prior to
(H2CCD); Cooler Door Deploy (H2CCD); Cooler Door Release Disable (H2CRD), com-~
mand spacecraft 28 volt bus current 1 second dwell mode off; Cooler Heater Off
(H2CHF); and Patch Temperature Controller On (H2PCN).

18.26  CONSTRAINTS
182.6.1 General

The various modes of operation have specific requirements (constraints) that must be met,
either prior to initiation of a mode or after it has been established. Constraints imposed for the

various operating modes are listed in the following paragraphs.

18.2.6.2 Prelaunch Mode

(@ The cooler door must be verified latched.
(b) Cooler and scan cavity dust covers must remain in place for testing.
(c) Baseplate temperature limits, during all modes, is10to 30°C.

(d) The decontamination heater system for the radiant cooler is a thermostatically con-
trolled system designed to limit radiant cooler temperature to a maximium of 30°C.
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Special precautions must therefore be taken when operating the cooler heater in
testing these instruments to avoid detector temperatures in excess of 30°C because of
possible detector degradation or failure. HIRS/2I FM-1 | through -31 have been built
to prevent the cooler heater from heating the radiant cooler above 30°C.
18.2.6.3 Launch Mode
(@ Verify that dust covers are removed prior to launch.

(b) The cooler door can be opened only once, and not reclosed. Therefore, it should not be
opened until after the initial outgas period.

(c) For protection of bearing surfaces, etc., the HIRS/2I should be launched with the
scan mirror ON.

(d) The chopper-filter motor should be ON at launch.
() The chopper-filter motor should be in NORMAL (low) mode at launch.

(H Inorder to execute a go-to command the instrument must be in the calibration ENABLE
mode.

(g) See activation sequence 18.2.5.

18.2.6.4 Orbit Mode Constraints

The cooler door opening mechanism has atime-out device which automatically disables the
solenoid after the door has opened. For safety, however, the cover release DISABLE command
should be transmitted after positive indication has been received that the door is open.
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18.3 MICROWAVE SOUNDER UNIT (MSU)

18.3.1 FUNCTIONAL DESCRIPTION

18.3.1.1 Objectives

The TIROS-N Microwave Sounding Unit (MSU) is designed to accomplish two
basic objectives:

(@ To map the temperature profile of the atmosphere from 0- to 20-km
altitude, even in the presence of clouds.

(b) To acquire a unique global data set for operational use. The data will
be a part of the continuous operational meteorological data which are
a primary goal of the TIROS Operational Satellite System.

18.3.1.2 Basic Operational Theory

The instrument objectives are accomplished by scanning the atmosphere traus-
verse to the orbit plane and separating the received microwave radiation iuwc
their vertical and horizontal polarization components. This received signal

Is a measure of the effective noise temperature at the sampled atmospheric
height. Through a series of internal calibrations and temperature compariscns
with ambient reference loads an atmospheric temperature profile is derived.

18.3.2 SYSTEM DESCRIPTION
18.3.2.1 General

The MSU instrument is a four-channel scanning microwave radiometer system
comprised of two scanning reflector antenna systems, orthomode transducers,
four Dicke superheterodyne receivers, a data programmer, and power supplies
(see Figure 18.3-1). The antennas perform a 94. 8-deg scan transverse to th:
orbit plane, 47.4 deg on each side of nadir. A space and an internal blackbody
view for calibration purposes will also be used. The beamwidths of the antenuas
are approximately 7.5 deg, resulting in a resolution on the ground varying from
a circle with a diameter of 109 km, to an ellipse with a major axis of 323 km

and minor axis of 179 km, depending on the scan angle (see Figure 18.3-2),

and a swath width of about 2320 km. The scan is stepped; i. e., the beams are
always scanned in the same direction while taking data with a rapid step to the
next data-taking position. The rate of scan is such that almost continuous cov-
erage of the ground is provided. A step-scan system is used to avoid smearing
of the data in the scan direction. One complete scan is accomplished every 25. ¢
sec.
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Microwave energy received by each antenna is separated into the vertical and
horizontal polarization components by an orthomode transducer. Each of these
four signals is then fed to one of the radiometer channels. Each incoming noise
temperature is modulated at a 1-kHz rate by a Dicke switch such that a repeti-
tive comparison is made between an ambient temperature reference load and
the incoming signal. A two-point calibration is accomplished by a cold-space
view and a blackbody view, once each scan period. The modulated signal is
passed through an isolator and then mixed in a low noise balanced mixer with

a local Oscillator (LO) signal to produce an IF frequency with a pass band of

10 to 110 MHz. The signal is further amplified in IF and video amplifiers and
then demodulated by the phase detector. The final signal amplification takes
place in the integrator and dc amplifier where it is integrated 1.82 sec. Each
radiometer output is -5 to +5 Vdc for O0- to 350-K equivalent noise temperature
input at the front end. Each radiometer channel gain is 28.6 mV/°K. A sum-
mary of MSU characteristics is given in Table 18.3-1. Figure 18.3-1 is a
functional block diagram of the MSU; Figure 18.3-2 shows the instrument scan

pattern projected upon the Earth; and Figure 18.3-3 is a drawing of the instru-
ment.

TABLE 18.3-1. SUMMARY OF MSU CHARACTERISTICS

Channel
Characteristics
R1 R2 R3 R4
Frequency (GHz) 50.30 53.74 54.96 57.95
RF bandwidth (MH2z) 220 220 220 220
Integration time (sec) 1.8 1.8 1.8 1.8
ATrms (K) for 1.8 sec 0.3 0.3 0.3 0.3
Integration time
Dynamic range (K) (min) 0-350 0-350 0-350 0-350
Instrument absolute <2,0 <2.0 <2.0 <2.0
accuracy (K rms)
(long term)
IF Frequency Range 10-110 10-110 10-110 10-110
(MHz)
Antenna beamwidth (deg) -7.5 -7.5 -7.5 -7.5
Antenna beam efficiency (%) >90 >90 >90 >90
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The MSU is comprised of the following three modules and their component
subassemblies:

(@ Scan Mechanism-The scan mechanism is made up of the following:

(1) Two antennas
(2) Antenna drive, positioning and measuring subassembly
(3) Structural support subassembly

() Instrument Electronics—The instrument electronics consists of the
following:

(1) RF chassis
(2) IF/video chassis

(3) Data chassis

(c) Power Supply-The power supply is made up of six (four identical)
power submodules.

These -modules are shown as integral assemblies in Figures 18.3-3 and 18.34

18.3.2.2 MSU Scan Mechanism

The MSU scan mechanism, as the name implies, accomplishes the scan pattern
of the instrument. This mechanism includes the antennas, antenna drive, po-
sitioning and measuring subassemblies, and the associated structural support
assemblies.

18.3.2.2.1 Antenna-The antenna submodule consists of two rotating reflectors
with fixed corrugated feed horns. The reflectors are supported by high precision,
low-torque ball bearings. The bearing inner races are stationary and are attached
to the antenna feed horn structure. The reflectors are attached to the outer races
that are rotated by highly accurate pulley drives. The pulley driveisradially
supported from the bearing by titanium flanges to reduce thermal expansion/
contraction effects. To meet the sensitivity requirement of 0.30 krms, two
antenna assemblies, which have sgnificantly lower losses than a single antenna
assembly, are used. Associated with each antennais an orthomode transducer.
The orthomode transducer separates the vertical and horizontal polarization
components of the broadband incoming signa; each is tuned to one of the MSU
operating frequencies and appears at the output ports of the transducer. Table
18.3-2 lists the antenna parameters.
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Figure 18.3-4. MSU Power Supply
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TABLE 18.3-2. ANTENNA PARAMETERS

Parameters Values
Operating Frequencies Antenna 1 50.30 and 53.74 GHz
Antenna 2 54.96 and 57.95 GHz
Bandwidth at each frequency +200 MHz
Half power beamwidth 7.5 nominal
Beam efficiency 90% minimum
Polarization Linear, polarization

at each frequency
determined by ortho-
mode transducer

VSWR Less than 1.20;1

Side lobe amplitude -23 dB maximum

18.3.2.2.2 Antenna Drive Positioning, and Measuring Subassembly-The
antennas are driven by a 90-deg stepper motor and-a set of high precision min-
iature gear belts. The motor to antenna pulleys have a reduction ratio of 9.5
to 1. The belts are made from precision-molded polyurethane elastomer with
dacron filaments and are slip-proof for constant accuracy. Synchronized en-
gagement is maintained with matching miniature pulleys that are flanged to
prevent belt walk-off. Under the control of digital electronic circuitry, the
motor takes single steps, or runs continuously for a predetermined number of
steps, to position the antenna at each angle required for taking measurements.
After the antenna reaches each position, power remains on the motor for 40 msec
to provide braking and mechanical damping.

The antenna positions are monitored by a potentiometer and an encoder. The
potentiometer is a single turn with continuous rotation and has infinite resolu-
tion over 350 deg of travel. The encoder is a disc type, generating angular posi-
tion with a resolution of 256 counts per revolution. The potentiometer and
encoder are connected to the same shaft drive as the antennas using identical
belts and gear ratios. One antenna has a stationary E-core with a pick-off core
attached to the antenna/bearing flange to provide an electrical signal when the
antenna reaches the zero position.
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18.3.2.2.3 Structural Support Subassembly-The structural support subas-
sembly which includes a base plate and several support brackets is made of
aluminum. Each antenna has a microwave blackbody calibration load where the
antenna dwells for 1.9 sec. These calibration loads consist of parallel rows

of knife edges made by casting an iron-filled epoxy onto an accurately machinec
aluminum backing plate. The aluminum's high conductivity minimizes thermal
gradients in the iron-filled epoxy; the epoxy composition and shape provide,
essentially, a blackbody target for the antennas. These targets, essentially
isothermal and at a measured temperature, provide one of two calibration poinis
that each antenna sees every revolution. The second calibration is provided,
at a lower temperature, by a view of space. The metal surfaces of the struc-
tural components are either hand polished or carefully cleaned to increase the
thermal emissivity, The entire scan mechanism, except for the antenna view-
ing, is enclosed by a fiberglass shield to minimize heat losses. The shield has
shiny aluminum foil attached to the inside surface and is painted white on the
outside surface.

18.3.2.3 MSU Instrument Electronics

The instrument electronics consists of three chassis, namely the RF, IF, vidac,
and data chassis. These three chassis are mechanically connected by suppori
brackets, radiator plates, and the antenna subsystem base plate; together they
comprise the four radiometer channels, the multiplexer, and the data progru am. r
shown in Figure 18.3-1. Each channel of the radiometer is self-containe:! and
can be used independently of any other channel(s). The design is a convent..nal
Dicke radiometer with a switching rate of approximately 1000 Hz. Each chznet
is identical except for the operating frequency and is comprised of solid state
components. The incoming signal is connected to the Dicke switch. The Dicke
switch alternates between a microwave load at instrument temperature and « 2
incoming signal. This modulated switch output is fed through an isolator to a
low noise balanced mixer preamplifier. The local oscillator is a Gunn diode
unit and provides approximately 10 mW of power at the particular channel fre-
quency. The RF bandwidth of the mixer is £300 MHz from its nominal oge =ai ine
frequency. The IF bandpass extends from 10 to 110 MHz; the predetectin b
width is, therefore, 100 MHz. This signal is further amplified in the po-i If
amplifier and square law detected. The detected signal is amplified by t* v dec
amplifier and then synchronously detected. The output of the synchronou: e
tector is the difference between the antenna signal and the reference load

(T constant). The resultant dc signal is proportional, therefore, to the w:::~rma
temperature, and it is further amplified by a dc amplifier. This signal ¢ 1vil-
able as the analog output. The detected signal is also integrated for 1.8%7:zc
and then digitized by the 12-bit Analog to Digital (A/D) converter.
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18.3.2.4 MSU Power Supply

The power supply is mounted remotely from the rest of the instrument. It con~
sists of six chassis, four of which are identical. All exterior exposed surfaces
aepainted black.

18.3.2, 5 Temperature Monitoring

There are four andog telemetry channels monitoring temperature: one each on
the two Dicke switches and one each on the two in-flight black bodies. The
temperature sensors are thermistors.

18.3.2.6 Calibration

MSU radiance data for each of the four charnels are essentially temperature
difference information, between the incoming noise temperatue as seen by the
scanning antennas and an ambient temperature reference load as generated
within the instrument electronics. The actual temperature difference values
(thus the temperatures themselves) of the various Earth samples are determined
from the instrument output signals by referencing to the values for two known
temperature sources, the blackbody target (hot) mounted upon the structural
subassembly, and space (cold). Additions3 information needed for temperature
determination from radiance data is found in the telemetry temperature monitors
of the instrument, the reference load and the calibration target temperatures,
and the calibration curves determined during prelaunch testing and is found by
comparison with similar data from other instruments and from operational
meterological and oceanographic stations.

18.3.2.7 System Timing

The data programmer interfaces to the spacecraft 1.248-MHz clock and the
128-sec clock A; and Cq pulses, and utilizes these signals for timing and syn-
chronization of the experiment operation and the data output. Each scan period
is synchronized at 25.6 sec and comprises 11 Earth-viewing periods, a space
view calibration period, a microwave blackbody view calibration period, and
the various stepping and slewing periods required between the viewing periods
for the mirror to be stepped to its next position. There are five of these full
25,6-sec scan periods during each spacecraft 128-sec clock period. The scan
cycles are illustrated in Figures 18.3-5 and 18.3-6. Under normal operating
conditions, the antenna e inherently synchronized to the digital circuitry driv-
ing #t, and the digital circuitry is synchronized to the spacecraft by the 128-sec
pulse.
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The following list is the typical sequence of events which lead to the establish-
ment of synchronism between the antenna and the spacecraft:

(a) The digital circuitry comes on in some arbitrary state.

() The antenna becomes synchronized to the digital circuitry within 25. ¢
sec.

(c) The digital circuitry becomes synchronized to the spacecraft via the
receipt of the 128-sec pulse. As a result, synchronization between
the antenna and the digital circuitry is lost.

(ay The antenna again becomes synchronized to the digital circuitry within
25.6 sec.

The actual timing breakdown is as follows:
(@ Earth scan position zero timing:

(1) Antenna step and settling time, 0.067 sec
(2) Antenna dwell time, 1.826 sec

(3) Integration period, 1.82 sec

(4) Total time per step, 1.893 sec

(b) Earth scan positions 1 through 10 have timing periods identical to that
of step 0, with step 10 ending 20.823 sec after the start of scar.

(c) Calibration scan timing:

(1) End of step 10 dwell and start of 4 steps to space, 20, &2&- -
(2) Start of space dwell (step 11), 22.806 sec

(3) Space integration period, 1.82 sec

(4) Start of 10 steps to absorber, 22.806 sec

(5) Start of ambient absorber dwell (step 12), 23.068 sec

(6) Ambient absorber integration period, 1.82 sec

(7) Start of 14-step slew to first Earth view, 24.929 sec
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(8) Antenna retrace and wait period, 0.671 (includes 0.45 sec for
moving to step 0 and approximately 0.22 sec waiting at step 0)

(9) Total scan line time, 25.6 sec

18.3.2.8 Data-taking Sequence

The MSU data-taking sequence derives directly from the 11 Earth views, the
cold-space view, and the microwave target view described in para 18.3.2.7.
At each of the data-taking positions, the following information is digitized and
shifted into a 128-bit register:

(a} One engineering word (telemetry voltage)
() Two temperature sensor outputs
(c) Four instrument data channel outputs

(d) Scan position angle

The A/D converter is a 12-bit unit. Four additional bits are added to each word
for identification, making each word 16 bits long. The total number of words
output each scan step is eight, which during normal scans require 1.893 sec.
During this period there are approximately 19 TIROS Information Processor
(T1P) frames output, each having slots for two MSU digital A words, or a total
of almost 38. Since during most of this period there is no MSU data available,
the TIP will receive and put out words filled with zeros. To identify "real
words" from all zero-fill words, the Most Significant Bit (MSB) is 1 for all real
words.

Once the MSU digital-A data words have been recovered from TIP and all-zero
words stripped out, the remaining real words can be formatted into 8 by 14 word
matrices, for each 25, 6-sec MSU scan period, with one 8=word row correspond-
ing to each sampling period. This matrix is illustrated in Figure 18.3-7.. The
MSU word structure is shown in Figure 18.3-8., Asis noted in the scan position
column, 3 bits are used to identify the number of scan cycles since the last
128-sec sync pulse. This is necessary since the MSU has a scan cycle time of
25.6 sec rather than the major frame time of 32.0 sec. The count is set to zero
with the 128-sec sync, and counts each scan cycle up to four and is then reset

to zero. Time synchronization of the MSU data with the spacecraft major frame

is thus obtained.
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MSU Digital-A Telemetry
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D= DATA
Z= 1 WHEN IN ZERO REFERENCE DISABLE MODE
| = 1 FOR FIRST WORD OF SCAN

TYPICAL ALL WORDS EXCEPT SCAN POSITION —
LINE COUNT

MsB LSB

E= SCAN ANGLE

R= SCAN LINE COUNT (RESET BY 128 sec SYNC)
S =1 WHEN IN SCAN DISABLED MODE

Z= 1 WHEN IN ZERO REFERENCE DISABLE MODE

SCAN POSITION — LINE COUNT

Figure 18.3-8.  MSU 16-bit Word Format

18.3.2.9 MSU Data

The output data signals supplied by MSU (to TIP) are of three types. In addi-
tion to the digital-A data, as described in para 18.3.2.8, there are analog and
digital-B data.

18.3.2.9.1 Digital-A Data-The digital-A data, as illustrated in Figures 18.3-7
and 18.3-8 are arranged within an MSU frame as shown in Figure 18.3-9.

18.3.2.9.2 Analog Data-The analog telemetry points provided by the MSU
are shown in Table 18.3-3. Detailed descriptions of each telemetry point are

as follows :

(a) Channel-l Output-Voltage proportional to Channel-l radiometric
temperature.

(b) Channel-2 Output-Voltage proportional to Channel-2 radiometric
temperature.

(¢) Channel-3 Output-Voltage proportional to Channel-3 radiometric
temperature.
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(d)

(e

®

()

(b)

(1)

4)

Channel-4 Output—Voltage proportional to Channel-4 radiometric
temperature.

Calibration Target No. 1 Temperature-Sensor located in the Channel-1
and -2 calibration target.
Calibration Target No. 2 Temperature-Sensor located in the Channel-z
and -4 calibration target.
Reference Load No. 1 Temperature-Sensor on the Channel No. 1 Dicke
load.
Reference Load No. 2 Temperature—Sensor on the Channel No. 3 Dicke
load.
Antenna Position-Voltage from shaft angle potentiometer which is
proportional to shaft angle.
Analog Reference-Monitor of excitation voltage for analog sensors
Channels 5 through 9.

WORDO, 8, 16... 104 INSTRUMENT VOLTAGES

WORD 1,9, 17.. . 105 INSTRUMENT TEMPERATURES

WORD 2, 10, 18... 106 INSTRUMENT TEMPERATURES

WORD 3,11,19... 107 CHANNEL 1 DATA

WORD 4, 12,20...108 CHANNEL 2 DATA

WORD 5, 13,21...109 CHANNEL 3 DATA

WORD 6, 14,22...110 CHANNEL 4 DATA

WORD?7, 15,23...111 SCAN POSITION — LINE COUNT

Figure 18.3-9. MSU Digital Format
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TABLE 18.3-3. MSU ANALOG TELEMETRY

No. Telemetry Point Name Ci/ai. Range Resolution
No.

1 Channel-I Data 317 0 -350 K 70 K/Volt
2 Channel-2 Data 327 0-350 K 70 K/Volt
3 Channel-3 Data 365 0-350 K 70 K/ Volt
4 Channel-4 Data 373 0-350 K 70 K/NVolt
5 Cal, Target #1 Tezap 182 -30 to +50°C 16 C/Volt
6 Cal. Target #2 Temp 190 -30 to +50°C 16 C/Volt
7 Ref. Load #1 Temp 198 -10 to +50 C 12°C/Volt
8 Ref. Load #3 Temp 206 -10 to +50 C 12°C/Volt
9 Antenna Position 349 0 to 350 70° /Volt
10 Analog Reference 381 0 to 5 Volt W-W--

NOTE: MSU analog telemetry sampling period is 32 sec.

18.3.2.9.3 Digital-B Data-The digital-B telemetry points provided by the MSU
are shown in Table 18.3-4. Detailed descriptions of each telemetry point are
as follows :

(a)

(b)

(c)

(d)

Data Systems-The data system telemetry point is connected to the

power supply. A positive voltage on this point indicates that power
relay switch closure has occurred, applying power to the data system
power supply input. This system must be powered before data can be

obtained from the output.

Channel I-Positive voltage on this telemetry point indicates power

relay switch closure and application of power to the Channel-l power
supply .

Channel Z-Positive voltage on this telemetry point indicates power

switch closure and application of power to the Channel-2 power supply.

Channel 3-Positive voltage on this telemetry point indicates power

switch closure and application of power to the Channel-3 power supply.
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TABLE 18.3-4. MSU DIGITAL-B TELEMETRY

s/C State*
No. Telemetry Point Name Chan.

No. Logic "1 Logic "o"
1 Data System 184 OFF ON
2 Channel 1 216 OFF ON
3 Channel 2 248 OFF ON
4 Channel 3 25 OFF ON
5 Channel 4 57 OFF ON
6 Scan Power 89 OFF ON
7 System Reset/Scan Enable 121 ENABLE RESET
8 Reference Position Enable 153 DISABLE ENABLE

NOTE: Repetition rate of digital-B telemetry is 3.2 sec.

e)

®

Channel I-Positive voltage ¢n this telemetry point indicates power

switch closure and application of power to the Channel-4 power supply.

Scan Power-Voltage on this telemetry point indicates power relay
switch closure and application of power to the scan power supply.

System Reset/Scan Enable-This telemetry point indicates the status

of instrument logic, which determine whether the instrument is in scan
mode (SCAN ENABLE) or scan stop and reset mode (SCAN DISABLE).
Spacecraft and instrument logic is set to provide 0 volt to indicate
scanning operation. A scanning condition will be indicated by a varying
voltage from the analog scan angle indicator.

(h) Reference Position Enable/Disable-This telemetry point indicates the

status of instrument logic which determines mode of REFERENCE
POSITION. Normal scanning operation requires that the reference posi-
tion be enabled (5-V telemetry output). The instrument will scan with
REFERENCE POSITION in DISABLED but will not automatically assume
a normal antenna position. REFERENCE POSITION ENABLED will be
indicated by automatic phasing of the antenna position with respect to 0
position as indicated by scan angle telemetry.
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18.3.3 MODES OF OPERATION

18.3.3.1 Prelaunch and Launch Mode

There is no particular prelaunch mode requirement for the subsystem as long
as whatever configuration is used is made known to the Activation and Evalua-
tion (A&E) personnel. In the launch mode all power supplies and assemblies of
the MSU are to be off, with the antenna stepped to position 33 in order to’lessen
the effect of vibration in the launch vector. Prior to launch the MSU will be
exercised according to plan and verified ready for launch with the successful
performance of the system electrical pcrformance tests. After these tests are
completed, the antenna will be put into the stepped mode, stepped to position 33,
and then all supplies and assemblies turned off. Position 33 is 180 deg from the
space-view position.

18.3.3.2 Orbit Mode

For the MSU there is no particular decontamination mode. This unit will simply
be left in the launch mode to outgas for a short period (one or more days) and
then put into the normal orbit mode. The only constraint is that in turning on
the subsystem, the data system power supply must be turned on first. The MSU
can be operated in the orbit mode at full capacity (all four channels) or at a
reduced capacity (fewer than four channels), determined by operational needs

to ccnserve power or because of failure within one or more channels.

18.3.3.3 Standby Mode

This mode is simply a low-power mode to conserve spacecraft power in the
event of problems within some other subsystem of the spacecraft. In this mode,
all power supplies and assemblies are turned off until the contingency condition
Is over. The only constraint is that the data system power supply be turned off
last.

18.3.3.4 Reset Mode

In this mode, the antenna is inhibited from its normal scan sequence and reset
to the zero position. From there it can be manually stepped to any position
desired, where it will remain until commanded further. This mode can be used
in case of impending failure of the scan system to allow some data to be taken.
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18.3.4 CONSTRAINTS

There are few constraints concerning operation of the MSU. Among these are:

(a) The data system power supply must be on before assemblies are
enabled.

(b) Before the data system power supply is turned off, all other as-
sembly supplies must be off.

(c) The antenna should be in position 33 during the launch phase.

(d) Two seconds should be alowed between the executions of consecutive
MSU commands.
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18.4 STRATOSPHERIC SOUNDING UNIT (SSU)

18.4.1 FUNCTIONAL DESCRIPTION
18.4.1.1 Introduction

The purpose of the Stratospheric Sounding Unit (SSU) is to measure the atics -
phere's temperature distribution in the upper stratosphere (between 25-%n and
50-km altitude) with as near-global -coverage as is possible from each aay of
satellite operations. The SSU measurements will be made with a vertical
resolution of about 10 km and a horizontal resolution along the subpoint track
of about 150 km. particular scientific objectives are to:

(@) Monitor the atmosphere’s mean structure and the changes which occur
with latitude and season in the 25-km to 50-km altitude range.

(b) Investigate the propagation of large-scale atmospheric waves (espacially
stratospheric warmings) at this altitude and to determine to what uxicnt
these disturbances are generated in the mesosphere.

(c) Investigate links between ionospheric phenomena and the CO2 cire:iaw. o
produced by upper atmospheric winds.

18.4.1.2 Basc Onerationd Theorv

In order to interpret infrared radiation received at the satellite in terms of atemperature protfile,
both the absolute intensity and some method of identifying the effective height range ot th¢
emission is required. Carbon dioxide is chosen as an emitter since it is uniformly mixed wi. i
the atmosphere and has a convenient (reasonably isolated) spectral band at 15 um. A well d:
fined height range — a narrow weighting function — requires selection of energy originating
within a narrow range of absorption coefficients; ideally this would be part of a spectral lin

The actual value of the absorption coefficient determines the effective height of the emission;

for strong absorption the received energy comes from high in the atmosphere; less strong -- ¢ v..x
in the atmosphere.

For a practical radiometer the energy grasp of the system must be increased to provide = aseful
signal to noise ratio. Hence a comb fiiter is needed to selectively add together the chosen
narrow spectral intervals. Such a filter which exactly matches the CO, emission spectrum is
most readily engineered by introducing a cell containing CO, within the radiometer optics chain.

Figure 18.4-1 illustrates the effect of modulating the pressure in such a cell (with amean pres-

sure of 11 millibar channel 27). Here the difference plot C is one bi-tooth of a multitooth
comb filter. A bandpass filter reduces the sensitivity of the system to step changes in broadband
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TRANSMISSION

background changes, while accepting ~/100/such teeth. The other 2 channels work in a similar
way. With a higher mean cell pressure the positions of the curves C have increased in separation
while remaining symmetrical about the spectral line. A lower absorption coefficient region is
thus sdected with a consequentidlowering of the weighting function.

An added bonus of this selective chopping technique is the reduced sendtivity to other infrared
emitters — eg. ozone and water vapor. This is because athough both molecules have spectra
lines within the bandpass of thefilter, these linesin general do not match the teeth of the comb

filter and hence are not modulated by the comb filter and consequently are not detected by the
phase senstive detection system.

18.4.1.3 Basic Configuration Description

The SSU is athree-channel, cross-course scanning radiometer. Measuremexzis arein a
step-scan pattern covering 40 deg on each side of nadir with an instantaneous Field-
Of-View (FOV) of 10 deg. The spectral characteristics of each channel is determined
by a CO2 gas cdl in the optica path. Modulation is achieved by sinusoidally changing
the pressure in the cell; the amount of CO2 gas in the cell determines this frequency of
modulation. Behind each CO2 cell is a bandpass filter and alight pipe which con-
verges the radiation onto a pyroelectric detector. A scan mirror is employed to achieve
a stepped scan. The scan logic program provides for housing reference blackbody
looks and space l0oks to obtain a two-point, in-flight calibration. The scanned area

1.0

0.5 A

0.0

I i1
SPECTRAL WAVENUMBER (SCALE ARBITRARY)

NOTE
A = 8 millibar curve
B = 14 millibar curve

C = Effective transmission for modutlated signal
generated by differencing B and A

Figure 18.4-1. Illugtrative Plot of Transmisson of a 1 cm Cell for Two Different
Cell Pressures (for a Representative Spectral Line).
(These curves approximate to V5 channel 27.)
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begins 40 deg to the left of the satellite subtrack and continues to 40 deg to the right
of the subtrack (see Figure 18.4-2). The scan pattern consists of a repetitive transverse
scan containing eight FOV elements. An observation area adjacent to the suborbital
track has near-circular surface dimensions of 146 km while observations at the outer
edge of the scan have surface dimensions determined by a distorted ellipse of approxi-
mately 244 km by 186 km.

18.4.1.4 Data Products

The data system for the SSU consists of circuitry to output all of the radiometri-:
data, essential telemetry, and general status information. All of this information
Is transferred via the spacecraft TIROS Information Processor (TIP) and will be
available wherever TIP data are available. The SSU data system will utilize TI¥F
digital-A, digital-B, and subcommutated analog channels.

18.4.1.4.1 Digital-A-The SSU is designed to output all digital instrumut dat:.
to the TIP digital-A channels. These data include all radiometric signals, in-
strument temperatures, status monitors, and any other critical telemetry »:-
quired for utilization of the radiometric data.

18.4.1.4.2 Digital-B-The digital-B or bilevel telemetry consists of the four
single-bit status monitors used essentially for command verification. The @ampic
rate of each of the four allotted bilevel channels will be once every 3.2 sec

18.4.1.4.3 Subcommutated Analog Telemetry-These 10 telemetry channels are
intended for instrument use to monitor critical temperatures, particularly when
the instrument is off, (for example, during the launch phase) and to monit. 2
converter voltages for diagnostic purposes.

18.4.1.4.4 Data Storage-There is no onboard data storage required bv e S
18.4.2 SYSTEM DESCRIPTION

18.4.2.1 General

The SSU system is functionally similar to the Pressure Modulator Radiom te:
(PMR) system flown on Nimbus 6. The SSU incorporates three pressure-
modulated infrared channels as its radiometric inputs. This instrume:{is .
scanning radiometric sounder utilizing a rotating mirror to accomplis:: sczunin:
and using the pressure-modulated gas (C02) to accomplish selective band-ra.:s
filtration of the sampled radiances. The gas is of a pressure chosen to yi< ¢
weighting functions peaking in the altitude range of 25 to 50 km and is cer: .. ned
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in cellstocated in the optical paths of the three parallel imaging assemblies. Each of

these assemblies utilizes (in addition to its respective gas cdl) lenses, filters, a conical

light pipe, and a detector. The view of the three assembliesis step-scanned crosstrack - 5
by arotating elliptical plane-mirror driven by a geared stepper motor assembly. This

results in a + 40 deg scan consisting of eight 1 O-deg steps, each requiring 4 sec (0.4-

sec step and settle time, and 3.6-sec measuring and integrating time). The resultant

radiant energy detected by the three channels during these times is then, after integra-

tion, sampled, digitized, and shifted to the TIP at the proper time in the form of 16~

bit digital-A words, of which 12 bits are used.

A summary of SSU requirementsis given in Table 18.4-1) and radiometer performance
specifications are given in Table 18.4-2. Figure 18.4—4 isthe system block diagram,
and Figure 18.4-5 illustrates the system itself. The SSU can be broken down into the

following major assemblies which together form the complete unit. They are as
follows:

(a) Scan assembly.

(b) Pressure Modulator Cell (PMC) assembly.
(c) Optics assembly.

(d) Electronics assembly.

18. 4. 2. 2 Scan Assembly

The scan assembly consists of a 90-deg stepper motor driving a single pass 9-
to-l reduction gear assembly for a step angle of 10 deg. Five magnetic reed
switches plus a Light Emitting Diode (LED) and a detector for a fine position
indicator are fitted into the bearing housing and are operated by a magnet car:i::!
in a nylon gear. The switches will give an indication of the Position at the two
extremes of the Earth-scan view, at Earth-scan position No. 5, and at space &’
calibration blackbody position.

18.4.2.3 Pulse Modulator Cell

The PMC (Figure 18.4-3) contains a drive system consisting of a coil and magnet
used to oscillate a piston within a cylindrical bore to produce the required pres-

sure modulation. A suspension system of two-plane, spiral-cut springs support

the piston shaft. The PMC 's are operated at their natural resonance frequencies
as set mainly by the restoring force arising from the springs and compressed

gas.

18.4-5
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TABLE 18.4-1.

SSU PERFORMANCE REQUIREMENTS

Parameters Channel 1 Channel 2 Channel 3
Nominal pressure at peak of 15 5 1.5 mb
weighting function
Noise equivalent temperature
difference at scene o
temperature of: 0°C (2739) <0.25* <0.5* <1.257%k*

-600C (213%K) <0.5* * <1.0* <2.5%~
Noise equivalent radiance <0.35** <Q,7** <1.75%*
Bias error between deduced
temperature and scene o o 0
temperature <1UK*** <LUKIwr < 1UKFE*
Bias error between any two o o 0
SSU channels <0.57K <Q.57K*** <Q.57K***
Angular diamter of FOV 10 deg 10 deg 10 deg
Relative alignment of
channels 0.5 deg 0.5 deg 0.5 deg
Number of earth views 8 8 8
Time interval between
scan-mirror steps 4 sec 4 sec 4 sec
Total extent of scan,
either side of nadir 40 deg 40 deg 40 deg
NOTE

* The design aim is to achieve performance a factor of two better than this

requirement.

** These noise equivalent radiances (mN/m2 steradians cm'l) are consistent

with the quoted NE AT vaues.

*** For scene temperatures between 200 and 300°%K.

18.4-9
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TABLE 18,4-2, SSU RADIOMETER PERFORMANCE SPECIFICATIONS

Performance Channel 1 Channel 2 Channel 3
Spectral range (cm'l) 668 668 668
Equiv. bandwidth (cm™ 1) 2.0 1.0 0.4

Detector

Resolution (km at nadir)
IFOV (deg) circular

NE aT @ 273°%K

NER

Weighting function peak
(Atmospheric pressure in mb)

TGS pyroelectric
147.3

10°

0.125

0.375

15

TGS pyroelectric
147.3 |
10°

0.25

0.375

5

TGS pyroelectric
147.3

10°

0.625

0.375

1.5




18.4.2.4 Optics Assembly

The optics assembly (for each channel) consists of the scan mirror (also part of
the scan assembly), telescope, a light pipe, interference filters, and the corre-
sponding PMC which acts as a variable band-reject filter to the incoming
radiances. These are illustrated together in Figure 18.4-6.

18.4.2.5 Electronics Assembly

General description on electrical system. For information refer to Figure 18.4-7.

Each of the 3 signal channels consists of detector, preamplifier, test input o innibii
signals after the preamplifier, main amplifier, inverter and phase sensitive detector
(PSD). The PSD is switched by reference signals from the relevant PMC. The rectified
signal then passes to an integrator, integrating for approximately 3.6 seconds in every 4
seconds. The integrator has an offset to permit output from the full range of expected
scene temperatures to cover 20% to 80% of the telemetry range.

Each PMC amplitude is monitored by the back em.f. generated in the coi aid -« con~
trolled by varying the drive pulse width. Amplitude information is fed to the sp. ce-
craft telemetry. The back e.m.f. al'so generates a reference signal for the signal channc?
PSD and also an input to the frequency counter. The counter counts the oscillations
of one PMC over a 32 second period and presents the total to the data handling iogic
for inclusion in the digital ‘A’ output. After this, the second PMC’s oscillations ace
counied for 32 seconds, followed by those of the third PMC.

The calibration scan mirror is rotated by a 4 pole stepper motor driven by pi=,
derived from the SSU main counter. Mirror position is sensed by 5 magneiic e+
switches which sense 5 of the possible mirror views. One reed switch is used to
synchronise the mirror to its drive logic, and to supply digital position teleiic :r3.

All Analogue signals are multiplexed together and fed to a 12 bit dual ras; i
to digital converter. The digital output is then multiplexed with other digit-"«f:, ..
tion such as command status, mirror position, PMC frequency and data f.~ ‘¢ . i

cation in adigital multiplexer controlled by the data handling logic.
The SSU contains a dcdc converter to supply secondary power, from the main spacecraft

power bus of +28V to much of the electronics. The power converter provides gro:ind iscl*inn
for the secondary power.

184- 1
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18.4.2.6 SSU Cadlibration and Radiance Processing

Each output ramp from the three signal integrators are sampled eight times. In practice
these ramps are characterized by their (8-1) values (sometimes if the first value is zero
then a rescaled (8-2) is used). Thus a counts value X may be obtained every four
seconds.

A SSU calibration cycle takes place during the first 32 seconds in each major frame
(256 seconds apart). The mirror is stepped to view space then inhibited for 16 seconds,
this is followed by stepping to view the Black Body target for the remaining 16
seconds. Mean values of counts Xgp (space) and XBB (Black Body) may then be ob-
tained in subsequent ground processing. Using the house keeping data from the
platinum resistance thermometer the black body radiance is caculated usng the
Planck function R = p/(epr/T -1) where T is the black body temperature in degrees
Absolute and P and Q are as follows:—

Channd 25 Channdl 26 Channd 27 Units
P 3582.093 3576.322 357 1.982 MW/(M2 sr cm‘l)
964.00 1 963.483 963.093 g-1m

The equation for earth view radiance Rg 4 isthen given by Rgp =aXg s + b where
a=(Rgp—Rpp)/(Xgp — XBB) and b =(Xgp RBB ~ XBB Rgp)/(Xgp — XBB), where
Xgp, the ‘true’ space view counts = XSP + AXINH.

During the first 16 seconds of each calibration cycle the Black body platinum ther-
mometer is switched out of circuit and a calibrating resistor is introduced. However
when an Inhibit in Spacetest is carried out it is found that the space counts for the
calibration cycle differ from those measured during the normal black body and earth
views. Such Inhibit in space tests are carried out at three monthly intervals. The cor-
recting values obtained are referred to a* space offsets’ and are applied to the space
counts encountered during normal operation. The values for NOAA 6 and 7 are given
below, as examples. —

Values of for NOAA 6 and NOAA 7

Channel | Channel 2 Channd 2 Units
NOAA 6 +15 +3 -13 Counts
NOAA 7 + 3 +0 + 6 Counts

Prelaunch calibration tests have demonstrated that the linear equation given above is
correct within the instrument specification.

18.4-14



18.4.2.7 SSU Data

The data system for SSU consists of circuitry to output all of its radiometric
data, essential telemetry, and general status information to TIP. The SSU shall
use TIP digital-A, digital-B, and subcommutated analog data channels.

18.4.2.7.1 Digital-A-The SSU outputs a full SSU frame of digital-A data every
second (every 10 TIP frames). This SSU frame, which is thirty 16-bit words in
length, outputs at a rate of three words each TIP frame (encompassing six TIP
word locations: 16 and 17, 32 and 33, and 76 and 77). The content of the data

in the SSU frame is shown in Tables 18.4-3 and X3.4-4; the general organization
is shown in Figure 18.4-8 ; and the location within the TIP frame is shown in
Figurc 18.4-9. In general, four digital-A SSU frames are sent to TIP during
each 4-sec step interval (going into 40 TIP frames). During this interval all data
are repeated three times. Since the radiometric data consist of eight consecutive
samples of the integrators, the cycle is once per four sec. Each SSU word
requires 12 of the 16 available bit locations, thus resulting in four fill bits in

each word.

18.4.2.7.2 Digital-B—The digital-B or bilevel telemetry consists of single
bit status monitors used essentially for command verification. The sample rate
is cnce every 3.2 sec. The SSU digital-B functions are given in Table 18.4-5.

18.4.2.7.3 Subcommutated Analog Telemetry—These telemetry channels are
intended for instrument use to monitor critical parameters used for the deter-
mination of correct instrument operation and for diagnostic purposes. The SSU

analog functions are given in Table 18.4-6.

18.4-15



TABLE 18.4-3. DIGITAL-A WORD CONTENT

SSU Format Title Minor Frame Minor Frame
Location Number Word Number
CAl Digital word 1 (see table 2-4) 0, 10. . .310 16-17
CA2 Digital word 2 (see table 2-4) 0 32-33
CA3 Digital word 3 (see table 2-4) 0 76-77
CA4 Space port temp. 1 16-17
CAS Earth port temp. 1 32-33
CA6 PMC bulkhead temp. 1 76-77
CA7 Detector temp. (separate sensor for analog) 2 16-17
CA8 Blackbody temp. (space side) 2 32-33
CA9 Blackbody temp. (sun side) 2 76-77
CA10 Cell temp. Ch 1 3 16-17
CA1l Cell temp. Ch 2 32-33
CAl12 Cell temp. Ch 3 3 76-77
CA13 Baseplate 4 16-17
CA14 Middle blkd. temp. 4 32-33
CAlS Optics baseplate temp. 4 76-77
CA16 Signal output Ch 1 5 16-17
CAL7 Signal output Ch 2 5 32-33
CA18 Signal output Ch 3 5 76-77
CALS Thenistor reference 6 16-17
CA20 Mirror fine position 6 32-33
CA21 Blackbody temp. (Pt)* 675 76-77
CA22 PMC amplitude Ch 1 AN - 16-17
CA23 PMC amplitude Ch 2 7 ﬁMgunCt'O" of 32-33
CcA24 PMC amplitude Ch 3 77 pressure 76-77
CA25 ADC calibration 5% of full scale 8 16-17
CA26 ADC calibration 50% of full scale 8 32-33
CA27 ADC calibration 95% of full scale 38 76-77
CA28 Signal output Ch 1 9 16-17
CA29 Signal output Ch 2 9 32-33
CA30 Signal output Ch 3 9, 19. . .319 76-77

NOTE

After the 12th bit has been transmitted, the Dl data line will return to its high or "OFF"

state.

e When looking at space, a fixed resistor is inputted. Switchover is at 16 seconds into
calibration cycle.

18.4-16
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TABLE 18,4-4, CONTENT OF SSU DIGITAL WORDS 1, 2, AND 3
Digital Word Bit Description Logic O Logic 1
Digital word 1 1-11 11-bit frame identity, cycie time = 2048 sec - -
Digital A d
éos?ilg andw?;)s 12 Mirror sync, recovery status lormal Recovery
Digital word 2 1 Power ON/OFF command verification OFF ON
(Digital A word 2 Mirror inhibit ON/OFF command verification OFF ON
Nos. 32 and 33) 3 Cal. rate auto (manual verification) AUTO - MANUAL
4 Cal. verification (command verification only) - CAL.
5 Mirror position space* VALID -
6 Mirror position blackbody* VALID -
] Mirror position EAl1* VALID -
8 Mirror position EAS* VALID -
9 Mirror position EAB* VALID -
10*** | Mirror position correct YES/NO* YES NO
11 Modulator frequency channel {identification Low and High " Medium
12 Modulator frequency channel identification Low and Medium | High
Digital word 3 1-12 | 12-bit binary count of modulator frequency - -

(Digital A word
Nos. 76 and 77)

over a 32-second period. This is only
active in the frame following each MFP,
i.e., valid only in minor frame 5. Each
channel {< 2isp3ayed in turn, one channel
every 32 seconds. During the count period,
bits 1 to 12 are logic 0.

NOVE

* The data in these posicions is invaiid during tne tirs: second after the mircor steps.

wonor frames 16 ard on £ valdd §

ITTTeR

Bit .U 1s not used Locause 1% 4

@

watars,

sble on?y "n ine mancal oo,

T

sunject to error. CA 2 s used ln:it=ac.

Use data in

.
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TABLE 18.4-5. SSU DIGITAL-B TELEMETRY

Digital-B

Channel State
Vo. Telemetry Point Name Numbers Logic 1 Logic O
1 Power ON/OFF 5 6 OFF ON
2 Mirror inhibit ON/OFF 88 ON OFF
3 Calibration AUTO/MANUAL 120 MANUAL| AUTO
4 Manual calibration enabled YES/NO 152 YES NO

NOTE

No Digital-B if SSU OFF.
Digital-B reflects instrument command status.

Upon receipt of manual Cal. enable command, channel 152 changes
to logic 1. Return to logic 0 occurs at first MFP following a CSP.

18.4.3 MODES OF OPERATION

18.4.3.1 Prelaunch, Launch, and Off Modes

There is no particular prelaunch mode requirement for this subsystem with

respect to Activation and Evaluation (A&E) as long as whatever configuration is
used is known to A&E personnel. This configuration will generally be determined
by prelaunch test requirements. In the launch mode all subassemblies of the
SSU are to be off, with the mirror in the blackbody look position in order to
lessen the effect of vibration along the launch vector. This is also defined as the
off mode to be used in case of a subsystem failure during operation or in case of
a spacecraft emergency. (This corresponds essentially to the inhibit mode for
other subsystems. ) Prior to launch, the SSU will be exercised according to plan
and verified ready for launch with the successful performance of the system
electrical performance tests. After these tests are completed, the mirror will
be put into the blackbody look position and all subassemblies turned off. (The
same turn-off procedure will be used during orbital operation. )

18.4.3.2 Evaluation and Mission Operation Modes

These comprise the various operating modes of the SSU and are all accessed

from the off mode (described in para 18.4.3.1) in the same manner. The basic
variances within these operating modes will be defined by the use of the calibration
mode and mirror inhibit commands and will be dependent upon evaluation needs.

18.4-20
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TABLE 18.4-6.

SSU ANALOG TELEMETRY

) Channel Nominal
No. felemetry Number fquation value
1 Baseplate temp. 38 (T8D) 15°C + 10°¢
2 Detector temp. 46 25°C ¥ 0.59C for PF1
30°C ¥ 0.5°C for F2-f8
3 Scan mechanism temp. 54 159C ¥ 10°C
4 Analog reference supply 62 4.5V + 0.2V
5 +22V monitor 16 TBDK
6 -20V monitor 86 TBD
7 +5V monttor 94 TBD)
8 +28Y secondary monitor 70 (T8D)
9 PCS temp. 166 15%¢ + 10°C
10 Electronics ref. volts 174 5.0V + 0.1V
11 TCE heater voltage 176 oV = disabled
2.5V = enabled full on
2.5V = enabied off
12 TCE louver voltage 184 0V = disabled
2.5V = enabled, full on
4.7V = enabled, off
NOTE

A1l analog telemetry from SSU appears in TIP 32-second analoeg subcom.




18.4.3.3 Inhibit Mode

This is essentially a transitional mode which is accessed in changing from one

of the operation modes to an off mode and from off to an operational mode.

(This should not be confused with the definition of inhibit mode for other subsys-
tems. ) In this mode the mirror is stopped at the appropriate time within the
frame prior to turn off or started at the appropriate time after turn on. This time
is generally during major frame 0, minor frame 1’70 to 280, during which the

SSU is in the blackbody look position. However, for special evaluation require-
ments, other positions can be chosen. (Also, inhibit mode can, for special
evaluation requirements, be accessed from an operational mode without contin-
uing to the off mode. )

18.4.3.4 Mode Change Philosophy

The SSU is essentially a simple, flexible subsystem with few critical constraints
on its modes of operation. Most modes can be accessed from any other without
damaging the subsystem. Only the transition times (within a calibration cycle)
need generally be carefully observed to assure proper pointing when inhibited

or off. Figure 18.4-10 is a diagram illustrating state parameters involved in

mode changing.

18.4.4 CONSTRAINTS

18.4.4.1 General

The following are general constraints that apply to the SSU:

(@) The detector temperature must be maintained greater than 0°Cc and less
o .
than 40 C at all times.

(b) The baseplate temperature must be maintained greater than 0°C and less
than 30 C at all times.

18.4.4.2 Launch and off Mode Operations

The following constraints are to be observed during all launch mode and off mode
operations:

(@) The scan mirror is to be stowed in the blackbody look position.
(b) The SSU power must be off.

(c) The housekeeping telemetry should be on.
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18.4.4.3 SSU Activation

During SSU activation and other turn-on operations, the scan mirror should be synchronized as
described in paragraph 13.7.1.

18.4.4.4 Mission Operational and Inhibit Modes

When initiating the evaluation mission operational and inhibit modes, stabilize
detector/PMC ‘s at control temperature for:

(@ PMC control temperature = 30 +0.5°C.
(b) Detector control temperatures:

(1) PF1 = 2520.5°C
() F2-F8=230£0.5C
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18.5 SPACE ENVIRONMENT MOUN{AOR (SEMYS

18.5.1 FUNCTIONAL DESCRIPTIUN

The Space Environment Monitar (SEM) is a suktichanne) charged-particle spectrometer which
senses the flux of charged partickes at the satelfite sltitude, and thus contributes to the solar-
terrestrial  energy  knowledge. Wiitkin fhe past two decades. great strides have been made in
defining the Sun’s ionized plasma in wibich dhe Earth s smmersed.

This solar wiad is important texcauze:

o Its pressure confignres or vomdains the Exrth's magnetic field (the
magnetosphere)

(@ It is a source of particdex Jar e Fartd"s trapped radiation belts

(b) It is the primary saumrce of pardicies for pariicie precipitatioo
phenomena (aurorea)

(c) It is a major suzroe Of the exergy faput to the Ezrth's atmosphe.
and ionosphere

For these reasons alone, a chaged-particle semsor to quantify these par-tide populations » ri¢!
dynamics is an important part of the missom. In addition, however, rather abrupt and lasg~
disruptive changes occur to the .solar emissioes: sitiich bod dramatically change the
instantaneous solar wind properties and also result in the arrival of am imtense flux of high-
energy ( 1to over 1000 MeV) solar protems and alpha particles. Such events can result in
dramatic changes to the magnetospherz georetry, large changes in energy inputsto the
ionosphere and atmosphere disturbance or diadkoni of cormmumications, excessive magnetic
coupling to levels sufficient far burnout or cirurdt bresker iy of power and land-line coinm
cations systems, and even aradiation dosags threst %2 marmed high-altitude flight.

For the reasons previously menitioned, NOAA has spacified aSEM which will sense particie:
over abroad range of energies. The SEM is in reality two separate sensors with a common
Data Processor Unit (DPU) asshown beloras:

(8 A Total Energy Detector {TED) whick wsesa programmed swept
electrostatic curved-plate analyzer to select particle type/energy,
and a channeltron defector $o sense/quastify the intensity of the sequr::
tially selected energy *mmds. The particdzs of intexest range from
300 eV to 20 keV.

*The SEM is launched on alternatizg SK and is not scheduled fog NOAA H.

£8.5-1



() A Medium Energy Proton Electron Detector MEPED) which senses
protons, electrons, and ions with energies from 30 keV to several tens
of MeV. This instrument utilizes selid-state mmclear detectors and
appropriate arrangements of moderating materials to establish the
energy band resolution.

18.5.2 SYSTEM DESCRIPTION

18.5.2.1 Introduction

Figure 18.5-1 is a functional block diagram of the three semsors znd their com-
mon Data Processor Unit (DPU). The location of those amits ~a the ATN
spacecraft is shown in Figure 18.5-2. A detailed descriptiom of each SEM unit
is provided in the following paragraphs.

18.5.2.2 Total Energy Detector

18.5.2.2.1 Introduction-Figure 18.5-3 is the functional block diagram for
TED. The TED consists of four curved-plate analyzers; two electron analyzers,
one at 0 deg (the spacecraft-X axis, away from the Earth), and aee at 30 deg to
the -X axis, and a similar pair of positive-ion analyzers (0 deg and 30 deg)
complete the set (see Figures 18.5-4 and 18.5-5 for diagrams). Each analyzer
feeds a spiraltron (which is a member of the electronic multiplier family of
devices called channeltrons), with two spiraltron High-W&age Power Supplies
(HVPS) and a common deflection voltage ramp generater smpply completing

the front end. The two 0-deg spiraltron outputs are amplified and multiplexed
into a common signal analyzer, as are the two 30-deg spiraltron outputs. TED
data are fed to the DPU, where the required three parameters FD (Q), E,,,, and
(DE) are computed for each of the four data species &g, £3¢, Pg, and P3o)-
These 12 data sets are then multiplexed and fed to the ATN telemetry. For
definitions of these parameters turn to para 18.5.2.5.

18.5.2.2.2 Performance Requirements-The TED performs the following
functions:

(@ Measures the total directional energy flux of electrons and positive
ions traveling from the anti-Earth direction and at 30 deg to this direc-
tion in the energy range of 0.300 to 20 keV.

18.5-2
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®) Performs a measurement for each particle species at each angle. It
measures the total energy transported by particles in the energy range,
the energy interval in which the maximum differential flux occurs, and
the value of the maximum flux. In addition, a background measurement
Is performed and subset of the differential energy fluxes measured.

() Transmits to the DPU random digital pulse trains on four data lines
representing positive ions and electrons at each of the two angles.

(d) Provides an in-flight calibration capability and housekeeping readouts,
to the DPU, which allow real-time verification of performance or cor-
rection of performance parameters.

(e) Provides the capability of responding to ground command to maintain
performance by compensating for aging effects.

Table 18.5-1 summarizes these requirements with corresponding resolution and
accuracy ranges.

18.5.2.2.3 TED In-Flight Calibration-The TED In-Flight Calibration (IFC) is performed in
two parts:

(a) During four 192-sec periods, pulse ramps of known form are injected
into the analog electronics; the electrostatic analyzer plates are dis-
abled; and the level discriminators cycled, spending one period at each
level.

() For the next 102.4 min, corresponding to approximately one orbit, the
calibration pulses are turned off, the deflection plates operated normally,
and the cycling of the level discriminators continued but with a 2-sec
period. Provisions for an override command from the ground for the
termination of the IFC will be provided by the DPU.

The purpose of the initial four 192-sec periods is to provide signals of known
form into the analog system for level discriminator settings and for the electron-
ics operation to be verified. The second longer period allows ambient particle
flux to be used as an aid in measuring the gain and pulse height distribution of
the spiraltron to determine if the spiraltron high voltage should be changed.

18 .5.2.2.3.1 TED Calibrating Signals-The TED has one calibrating input and receives
calibrating signals in four 192-sec periods.

18.5-6
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TABLE 18.5-1, TED PERFORMANCE REQUIREMENTS
Sensor Assemblies Energy Band Directionality Energy Flux Value
s 0 0 -2 2
Positive Tons 300-20 keV 0" & 30 10°° to 32 ergs/cm -sec-ster
Electrons 300-20 keV 0° & 30° 10'2 to 100 ergs/cmz-sec-ster

Measurements Performed:

Absolute
(Each Sensor Assembly) Resolution Accuracy
Total Directional Energy Flux, Fp (a) 15¢ for FD(a) <6x]0_2ergs/cm2—ster-sec +50%
5% for FD(“) >6x10'2ergs/cm2-ster-sec
Maximum Differential Flux, 15% for (DE) <3x10'3ergs/cm2-sec—ster-kev +50%
(DE)m 5% for (DE)m >3x]0'3ergs/cm2—sec—ster-kev
Energy at Which (DE)m Occurs, Ey +30%




18.5.2.2.3.2 TED Level Discriminator Modulation-While calibrating signals
are being presented, the DPU will simultaneously cycle the four LD's through
each of their four levels, spending a 192-sec period at each of the four levels
and then cycling to the next level. The beginning of each 192-sec period will

be used by the DPU to command the level sensors to their next level. The com-
mands will be delivered sequentially to the four discriminators involved. Level
change will become effective in less than 1 msec.

18.5.2.2.3.3 Data Telemetry Mode-During this time interval, telemetry

data will be presented in mode 1, presenting data from all four sensors for
telemetry to ground. The last 153 msec of the TED 2-sec minor frame will

be used by the DPU to command the level sensors to their next level. A change
in level will occur every 2 sec. On ground command, or at the end of 102.4 min,
level sensor cycling will halt and the TED will return to normal data mode.

18.5.2.2.3.4 TED IFC Details-Table 18.5-2 indicates the required measure-
ments for the channels during IFC. For definition of channel indicatora, see

para 18.5.2.5.

TABLE 18.5-2. TED IFC DETAILS

Channels for Descriminator Thresholds
oFFp |  oPFp 30EFp 30PFp -
Channels for Limit Check

oPE1 oPE3 ODE5 ODE7
30PE; 30PE3 30PE5 30PE7

oPP1 oPPs3 oPPs PP
30PP1 30°F3 300P5 30PP7

0Fm 30°m o’m 30°m

oPEn ODPm 30PEm 30DPm

Channels for Background Check
o=Fp oPFp 30EFp 30°Fp

18.5-8



18.5.2.3 Medium Energy Proton Electron Detector

18.5.2.3.1 Introduction-The MEPED is a collection of four directional solid-state detector
telescopes and one omnidirectional sensor. All five MEPED sensors utilize solid-state silicon
nuclear detectors The telescopes are of two types, a two-detector proton telescope and a
one-detector electron telescope. One set of electron and proton telescopes is oriented along
the satellite -X or anti-Earth axis (the O-deg telescopes), and the other pair is at 90 deg to the
-X axis. The amount, type, and position of the telescope moderating materials and the tele-
scope detectors produce a correspondence of the quantity of charge generated by an incident
charged particle to the type and energy of that particle. Each solid-state detector is connected
to its own low-noise charge-sensitive preamplifier. The proton telescope preamps are multi-
plexed to acommon proton signal analyzer while the el ectron telescopes are multiplexed to

a separate electron signal analyzer. Each signal analyzer consists of agroup of pulse amplifiers,
level discriminators, and logic that sort each event into the appropriate bin characteristic of
the particle type and energy. The outputs of each bin are pulses of fixed amplitude occurring
irregularly intime but in virtual coincidence with the primary particle event, which are fed

to the DPU where they are accumulated, multiplexed, and fed to the spacecraft telemetry.

The omni-detector is a set of three lithium-drifted solid-state detectors mounted
under spherical shell caps of carefully specified and controlled nuclear stopping
power. The effective field-of-view of each detector is approximately half of a
hemisphere. Like the telescopes, these units are connected, via charge-sensitive
preamps, to a signal analyzer which senses and logically selects those events
which exceed a specific threshold. These (P6 and P8) data are fed to the DPU

to be processed in the same manner as the telescope data. The MEPED teles-
cope designs are similar to sensor flown by NOAA on ITOS and by NASA on SMS
and Apollo, except that they incorporate significant improvements in low-noise
technology, allowing the detection of very low energy particles with good resolu-
tion. The MEPED omni-sensor is the modified dome assembly qualified on the
GOES-B and -C program. Figure 18.5-4 is the MEPED functional block diagram.

On NOAA H and subsequent satellites, the maximum gamma angle was changed from 68 to
80 degrees. This change caused the IMP sunshade to be enlarged which would have violated
the MEPED FOV. A deployment mechanism was developed for the MEPED to correct this

problem.

18.5.2.3.2 Performance Requirements-The MEPED performs the following
functions:

(@ Measures the directional proton and electron flux incidental to both
the spacecraft -X and -Z axes. Measures the omnidirectional proton

flux within a conical field of view, half angle 60 deg, whose axis is
along the spacecraft -X direction.

18.5-9
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(b) Transmits to the DPU digital pulses representing the counting rate of
each instrument in the above spectral intervals.

(c) Provides in-flight calibration capability and housekeeping functions
which define the resolution of the instrument.

Table 18.5-3 summarized these requirements with corresponding energy ranges
and resolution/noise range.

18.5.2.3.3 In-flight Calibration-The MEPED IFC consists of three phases of
192 sec each. The various ramp amplitudes are specified in Table 18.5-J.
There are two types of parameters determined during the IFC, thresholds fo:
15 level sensors and full-width half maximum'’s for nine solid-state detectors,

18.5-1 1
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TABLE 18.5-3. MEPED PERFORMANCE REQUIREMENTS

Hominal fleld of Resolution/ Noisa
Telescope Asscmblics3 Enargy Band Directionality View { FWHM)
1. Protons P 30" - 80 kev ° & 90° <30° <7 keV
P2 80 - 250 keV " b "
P3 250 - 800 keV . - .
P4 800 - 250 keV " " <2
PS >2500 keV v " "
2. Electrons El 330] keV . " <7 key
2 >100 keV . . "
€3 »300 keV . . .
3. lons 1 >6000 keY " * <%
Omni Sensor P6 >10 MeV no ~ x Steradian ‘:po keV
P? 230 MeV " " *
P8 >60 MeV . " .

Notes:
1 Required thresholds; other values nominal to within #20%X.

Determined by Level Sensor Stability.
Both proton and electron telescopes are capable of measuring a maximum flux of § x 107 partlclcs/cnz-sr

axceeding in amplitude the lowest energy threshold.
When driven at rates up to

saturate at this value.

the instrument must not be double valued for an equivalent response less than 4 x 10

L e—

§

The response of the proton and electron talescopes
5 x 109 particles/cm-sr-sec, th

output respogse of
particles/ca“-sr-sec.




TABLE 18.5-4. MEPED

IFC PARAMETERS

Detector Amp1itude Phase Energy o
0, D, D, 0-3.4 mV 0-75 keV

0, 05 0-144 mV 0-3.2 Mey
0, 0-450 mV 0-10 Mey !

% 0-1.35 v 0-31 Mev

0, 0-144 mV 0-3.2 MeV

046 0-54 mV 0-1.2 MeY

FWHM for 9 Detectors (Phase 1 Onlv)
01 90" 1 01 90°1 "e Py g
Threshold Check 15 Level Sensors (Three Phases)

Phase 1 Level Sensors Data Channel
Proton 1,7 1 R
Electron 1 El — ]
Omn 1-3 Pe Pr . Pa
Phase 11 Level Sensors Data Chaniel = |
Proton 2-5 Po.P3. Pa 1’

Electron 1-4 51_3

Omn i 1-3 P6. P7 Pa v
Phase 111 Level Sensors Data Channe'
Proton 3,8 "s ——
Ton 6 1 %
Electron 1-4 El-3 I i
Omn i 1-3 P6’ 971 Fﬁi.pm «j

Note: During periods

for background.

with no IFC,

18.5-13
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18.5.2.4 Data Processor Unit

18.5.2.4.1 Introduction-The SEM DPU consists of the following functional elements:

(&) Timing and Control

(b) Analog and Digital Multiplexer

(c) Particle Detector Data Processors

(d) A/D Converter

(e) Formatter

() Command Processor

(g) Ramp Generator and Calibration Programmer

Figure 18.5-5 is the DPU functional block diagram. Each element will be
discussed in the following paragraphs.

18.5-14
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18.5.2.4.1.1 Timing and Control-The timing and control receives signals

from the spacecraft and uses these signals to generate all the timing signals
necessary within the DPU and the three particle detectors. The following timing
signals are received by the DPU:

(@) 1/32 sec sync (32 sec is a major-data frame period)
(®) 1 sec sync

(c) 8.32 kH=z

(d) Al Select

Signals (a) and (b) are used to synchronize with the TIP minor frame and major
frame. Signal (c) is used as the basic clock in all the circuits and is also the
rate at which data are being transmitted to TIP. Signal (d) determines the time
in a TIP minor frame of 100 msec when data from DPU are being transmitted.
This signal is received only when TIP wants DPU data.

18.5.2.4.1.2 Analog and Digital Multiplexer-In addition to processing of data
from the sensors, the DPU receives analog and digital housekeeping data from
the particle detectors. The DPU handles these data in two ways:

(@) The DPU has 26 analog and 48 digital channels available at sampling
rate of once in 32 sec. It converts each analog word into 8 bits and
inserts the converted data together with the digital data into Digital A
Output to the TIP.

() Some of the housekeeping data are being transmitted directly to the
spacecraft, each source is on a separate line.

18.5.2.4.1.3 Particle Detector - Data Processor-Data received from the particle detectors
constitute a series of random pulses. The average rates are measured in a special compression
counter, the 623C. This counter converts on command a 19-bit binary number into an ex-
ponent Y and mantissa X, X and Y having four bits each. The 8-bit number of each source
has a time slot assigned to it in the Frame Format (refer to Table 18.5-5). The MEPED data
are treated in this way.

The data from TED are processed in the following special way (all measure-
ments are made over a 1-set period):

18.5-16
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TABLE 18.5-5a.

SEM OUTPUT FORMAT (Cont.)

Digital Subcom HWords

Frame 265 Word A Frame 266 Word A Frame 285 Word A Frame 286 Word A
(MSB) 1 TED(E0 - PO)PHD bit 0 Level Command 0, (DCB 1) TED IFC on/off Pulse Command PC 1
2 TED(E0 - PO)PHD bit 1 Level Command 1, (DCB 2) MEPED IFC on/off Pulse Command PC 2
3 TED(E30 - PJO) PHD Level Command 2, (DCB 3) Low Voltage Converter Pulse Command PC 3
bit O on/off
4 TED(E30 - P30) PHD Level Command 3, (DCB 4) Spare Pulse Command PC 3
bit 1
58| TED Mode Status Level Command 4, (DCB 5) Spare Telemetry Mode 1/2
bit O
61 TED Mode Status Level Command 5, (DCB 6) Spare Spare
bit 1
7| €D OnsOfS Level Command 6,(DCB 7) | Spare Spare
(LSB) 8| MEPED On/Off Level Command 7, (DCB 8) Spare Spare
Note:

Frame 305 Word A = Synch Pattern (1111 0011
Frame 306 Word A = Synch Pattern (01010000)

i} For major frame sync 1f S/C sync {is lost.




TABLE 18.5-5b. SEM OUTPUT FORMAT (Cont.}

Analog Housekeeping Subcom

Minor Word Nomenclature

Frame

29 A MEPED SSD Bias Monitor (Electron)
40 A MEPED SSD Bias Monitor (Proton]

60 A MEPED Omni Temperature

69 A Spare

80 A MEPED Electronic Temperature

100 A MEPED Proton Telescope Temperature
109 A Spare

120 A MEPED Electron Telescope Temperature
140 A DPU Temperature Sensor

149 A Spare

189 A Spare

200 A Spare

229 A TED E Channeltron PS Monitor

240 A Spare l
260 A TED P Channeltron PS Monito:

267 A DPU + 12Y Monitor

268 A TED Low Voltage Ramp Monitc:

269 A Spare

280 A Spare

287 A Spare

288 A TED CEAPS Monitor

300 A Spare

307 A Spare I
308 A DPU IFC Ramp

309 A Spare

P AR . TR
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(a) Background Measurement. Background measurement (particle count)
Is made over the first 78 msec of the 1-sec period when the ramp
applied to the channeltron is at its lowest value.

() Total Flux Measurement. Total flux measurement begins when the
background measurement ends, and lasts for 11/13 of the 1-sec period.
For this measurement, a 5-bit prescaler is used ahead of the 623C
counter. The data rate reaching the counter is enhanced as the ramp
voltage increases. A special procedure is followed when the count

is small (=<16).

(c) Differential Flux Measurement. For this measurement the 1-see
period is split into 13 equal intervals. Counts during periods 2, 4, 6,
and 8 are transmitted for each of the four TED sensors. In addition,
the maximum count during one period and the index of the period in
which it occurred is determined.

185.24.1.4 Data Formatter-The data from particle detectors and the house-
keeping data are formatted into a 320-word frame as listed in Table 18.5-5.

The major frame contains 16 minor frames. A minor frame contains 20 double
words (16 bits). The data rate to the TIP is 160 bps and is sent only when an

Al-select signal is received.

18.5.2.4.1.5 Command Processor-The DPU receives 12 command lines from the spacecraft.
Eight of these are level command; OV for alogic oneand 10 V for alogic 0. The four
remaining are pulse commands. The DPU decodes these inputs and performs the following

functions:

(a8 Switches the Power ON/OFF to each of two particle detectors.

() Establishes Mode 1 or Mode 2 of data transmission.
(c) Starts calibration of Particle Detectors.

(d) Terminates Calibration.

(e) Switches ON/OFF power to the dc-dc converter of DPU.

185.24.1.6 Ramp Generator and Calibration Programmer-In response to

a received command, the DPU generates a linear ramp and corresponding
timing signals necessary to perform the calibration of each particle detector.
The calibration sequence is self-terminating and may also be terminated on

command.
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18.5.2.4.2 Performance Requirements-The SEM DPU performs the following
functions:

(@) Accumulate pulse outputs from the TED and MEPED particle detectors and provide
count rate data.

() Sample analog and digital housekeeping data from the particle detectors
and digitize the analog date to 8 bits.

(c) Format the above data into a serial telemetry data stream to the TIROS
Information Processor (TIP).

(d) Provide analog and digital data from particle detectors and DPU
directly to the TIP.

(e) Receive, decode, and execute applicable commands.

(f) Provide a linear ramp and timing signals for the particle detector
in-flight calibrators.

(g) Provide secondary power *to the particle detectors from a dc-dc
converter.

18525 SEM Data

18.5.25.1 Introduction-The output data signals supplied by the instrument
to the spacecraft fall into the following three categories:

(a) Digital-A Data.
() Digital-B Telemetry.
(c) Analog Telemetry.
The specific signals supplied by the SEM are detailed in the following paragraphs.

18.5.25.2 Digital-A Data-Digital-A data are clocked into the spacecraft TIP
whenever the '"A1" Data Enable Pulse is presented to the instrument. Details

of the digital-A timing and interface characteristics are presented in para 3.1.8
of the General Instrument Interface Specification doument (RCA #1S2280259).
The instrument data are as follows :

(@) Content-The data are categorized by type (ions, protons, electrons) energy level,
instrument (MEPED, TED), and detector pointing direction within SEM. All
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data are output in the format as listed in Table 18.5-5. The format repeats
every major frame (32 sec).

Data Coding-The shorthand notation used to refer to the various data

channels in the SEM telemetry format the symbols P, 0, and | are
used, where:

(1) P = Particle symbol.

(2) 0 = Axis of field of View (0 deg, 30 deg or 90 deg).
(3) I = Channel number identifier.

Refer to Table 18.5-6.

SEM Output Format-The SEM data will be transmitted to TIP in the

format as listed in Table 18.5-5. .

(d) Data Conversion—The DPU uses the SMI Type 623 Floating Point

Processor to perform particle flux measurement. The Type 623 is
intended to provide pulse counting, conversion of the binary count to
floating point (logarithmic compression), temporary storage of a com-
pressed number while simultaneously counting a second value, and
serial readout. The processor receives a number of pulses in a pre-
determined time interval up to 491521 (19 bits) and compresses the
received number into 8 bits. The 8 bits resulting from the compression
are located in a shift register ready to be shifted out.

The first four bits of the 8-bit word designated as Y constitute an
exponent and the last four designated as X a mantissa. The conversion
transfer function listing Y and X versus the number of input pulses is
described in the equations below. The SEM output word will be in an
eight bit word format with bit 0 the LSB and bit 7 the MSB. This out-
put word represents a log function which can be converted to counts

by the equation:

counts = [(x +16x 29 6)] +1

where bits 7, 6, 5 and 4 represent the y exponent and bits 3, 2, 1,
and 0 the x mantissa. The exceptions to this relationship are:

e ify =8 and x = 15, the total counts will be zero.
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TABLE 18.5-6. DATA CODING

Particle Symool

Symbol Type Function/Source*
I LOG lons/MEPED
P LOG Protons/MEPED
? " LoG Positive longTED
£ LOG El ectrons/MEPED, [ED
0E LOG 0iff. Energy, Elecrruns/,
TeD
op LOG Dfff. Energy, Protons/
TED
EF LOW Total Oirectional Flyx
Prescaled Elecsrons/TED
PE LOW Total Ofrectional Flux,
Prescaled Protons/TED
AN Integer Analog/Subcom” e
0IG Status B8its Ofgital/Subcom’ «d

Channel Mumter Identifier

Channei Number

1-8

SK

with P or E. Indicates an

integer number

identifying the DE cnanmnel in which max

counts appeared.

with 0E or OP. indicatas a log Jutput of
the total counts in the channel under

question.

Part of the EF, PF total Oirsctional Flux

identifier.

Background
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e ify =29, the total counts will be x + 1.
e ify =10 to 15, the total counts will be determined by the equation:
counts = [1(X + 16) Z(y - 1OI +1

The conversion transfer function listing Y and X versus counts is listed
in Table 18.5-7.).

18.5.2.5.3 Digital-B Telemetry

18.5.25.3.1  General. The digital-B one-bit status telemetry shall be avail-
able at the instrument interface at all times. 'fue 3.2-sec subcom telemetry
generated by the TIP will sample each digital-B point once every 3.2 sec. Word
8 of the minor frame will be dedicated to the sampling of digital-B telemetry
from all spacecraft components.

18.5.253.2 Digital-B_Telemetry Points. The digital-B telemetry points
provided by the SEM are listed in Table 18.5-8. All.of the SEM digital-B
telemetry points are included in the SEM digital-A data.

18.5.2.5.4 Analog Telemetry

18.5.2.5.4.1. General-The analog telemetry shall be available at the instru-
ment interface at all times. Three different subcoms (32, 16, and 1-see)
generated by the TIP will be used to sample all spacecraft analog telemetry.

185.25.42 Analog Telemetry Points-The analog telemetry points provided
by the SEM are listed in Table 18.5-9. All of the SEM analog telemetry points
are included in the SEM digital-A data.

18.5.3 MODES OF OPERATION

18.5.3.1 Prelaunch and Launch

The SEM will be checked out during launch pad GO/NO GO testing. The SEM
will be verified in the OFF condition for launch.

18.5.3.2 Depressurization Mode

This mode is required to allow the escape of pressure from the electron tele-
scopes. A minimum of 10 days will be required in this mode. The SEM will
be verified in the OFF condition for this mode.
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TABLE 18.5-7.

623 FLOATING POINT PROCESSOR 19-8 ALGORITHM

Y X=

1 2 3 A 5 6 ?
0 1025 1089 1153 1217 1281 1345 1409 1413
1 2049 2an 2305 2433 2561 2689 2812 2945
2 4097 4353 4609 4865 5121 5377 5633 5889
3 8193 8705 9217 9729 1024} 10753 11265 11777
4 16385 17409 18433 19457 20461 21505 22529 23553
5 32769 34817 16865 g9 40961 43009 45057 47108
6 655317 69613 13129 17025 81921 86017 90113 94209
7 131073 139265 147457 155649 163841 172033 180225 188417
8 262145 278529 294913 3n297 327631 344065 360449 376833
9 1 2 k] 4 ] 6 7 8
10 17 18 .19 20 21 22 23 24
11 1 35 37 39 41 43 45 47
12 65 69 n n 81 85 89 93
13 129 137 145 153 161 169 177 185
14 252 27 289 305 n n 353 169
15 513 545 s 609 641 673 705 7
Y X= 8 9 16 11 12 13 14 15
0 1537 1601 1665 1729 1793 1857 1921 1985
1 3073 3201 3329 3457 3585 7 k1131 3969
2 6145 6401 6657 631) 7169 7425 7681 1937
k] 12289 12801 13313 13825 14337 14849 15361 15873
4 24517 25601 26625 27649 28673 29697 30721 31745
5 49153 51201 53249 35297 57345 59393 61441 63489
6 98305 102401 106497 110593 114689 118785 122881 126977
? 196609 204801 212993 221185 229377 237569 245761 258953
8 393217 409601 425985 442369 458753 475107 491521 0
9 9 10 1 12 13 14 15 16
10 25 26 27 28 29 3o 31 2
11 49 51 53 55 57 59 61 63
12 97 101 105 109 13 117 12} 125
13 193 201 209 217 225 23] 241 249
14 3as 401 412 433 449 465 481 497
15 769 801 8313 865 897 929 961 993

R am—— .
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TABLE 18, 5-8.

SEM DIGITAL-B TELEMETRY

State *
No. Telemetry Point Name Loaic 1 Logic O ?1232 C2. g?:d#B
1 LV Converter On/Off ON OFF 25 185 6
2 TED Power On/Off ON OFF 25 217 7
3 Spare ON OFF 25 249 8
4 MEPED Power On/Off ON OFF 26 26 1
5 TED IFC IN Process YES NO 26 58 2
Yes/No
6 MEPED IFC IN Process YES NO 26 90 3
Yes/No
7 L.D. Cmd. LCO (DCB-1) ] 0 26 122 4
8 L.D. Cmd. LC1 (DCB-2) 1 0 26 154 5
9 L.D. Cmd. LC2 (DCB-3) 1 0 26 186 6
10 L.D. Cmd. LC3 (DCB-4) 1 0 26 |218 7
1" L.D. Cmd. LC4 (DCB-5) 1 0 26 250 8
12 L.D. Cmd. LC5 (DCB-6) 1 0 27 27 1
13 L.D. Cmd. LC6 (DCB-7) ] 0 27 59 2
14 L.D. Cmd. LC7 (DCB-8) 1 0 27 91 3
15 Telemetry Format 1/2 1 2 27 123 4

*

Logic 1 is a True or Low Voltage state.
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TABLE 18.5-2. SEM ANALOG TELEMETRY

No. Telemtry Point Name ggz (1) Sec ?:gg; | Cg
1 TED Temperature * 32 214 214
2 TED CEA PS Monitor 32 222 222
3 TED Channeltron E Bias Voltage 32 119,279 119
4 TED Channeltron P Bias Voltage 32 127,287 127
5 MEPED Proton Telescope Temperature* 32 135,295 135
6 MEPED Electron Telescope Temperature* 32 230 230
7 MEPED Detector Bias Voltage 32 ]43.303‘ 143
8 Spare 32 151,311 151
9 Spare 32 159,319 159
10 Spare 16 1,21 286
1 Spare 16 4,164 294
12 IFC Ramp 16 96,256 302
13 DPU Temperature Monitor* 16 97,257 310
14 MEPED Electronics Temperature 16 3,163 318
15 TED LV Ramp 16 2,162 326
Notes:

1.

*

The 32, 16 and 1- sec Analog Subcom data are read out in words 9, 10, and 11

respectively, of each TIP minor frame.

~

Indicates points on the

oV Analog T.leaztry Sve.




18.5.3.3 Activation Mode

After completion of depressurization, the SEM will be turned ON. Each instru-
ment will be turned ON sequentially and correct bias voltages will be established.
Each instrument will be commanded into the calibration mode.

18.5.3.4 Calibration Mode

This mode is required for checking level sensor thresholds in TED and MEPED. The
in-flight calibration system is used as a means of measuring the performance of the
electronic channels.

18.5.3.5 Mission Mode

After the SEM has been activated and the results evaluated, it will be placed in
the Mission Mode for turnover to NOAA. Periodic return to the calibration
mode will be required.

18.5.3.6 SEM Off Mode

The TED and MEPED can be commanded off separately in case of difficulties with the

instrument, or to conserve spacecraft power. The decision for turning off will he
made by the METSAT project office.

18.5.4 CONSTRAINTS
18.5.4.1 Introduction

The various modes of operation have specific requirements (constraints) that
must be complied with prior to initiation of a mode. In addition, once a mode

has been established, additional constraints must be met in order to maintain

a safe condition. Terminating a mode establishes additional constraints. The
following discussions of constraints during the various modes are based primarily
on the requirements as currently defined by the SEM specifications.

18.5.4.2 Prelaunch and Launch

The prelaunch and launch constraints are as follows:

(a) During prelaunch testing, the test connectors’ dummy plugs must be
installed. These test connectors are not used for launch pad testing.
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(b) Prior to spacecraft closeout, TED and MEPED sensor dust covers
must be removed and verified. MEPED covers must be removed
slowly to prevent rupture of the thin foil by pressure difference.

(c) Prior to the launch, the SEM will be turned OFF.

(d) During all modes, temperature operating limits will be observed for MEPED &
TED of -15 to +25°C, and DPU -15 to +35°C.

(e) During prelaunch testing the TED Red Inhibit Plug must be instal’ed
() During launch the TED Green Plug must be installed.
During prelaunch and launch modes, the TED’s temperature will be coniyulizd

by the spacecraft Thermal Control Electronics which will turn on at -15°¢C.
The TCE heater on the MEPED bracket will turn on at -12°C.

18.5.4.3 Depressurization Mode

Before the SEM can be turned ON, it must have been in the hard space vacuum
for a minimum of 10 days to allow release of entrapped gases from the ‘st

ments.

18.5.4.4 Activation Mode

The activation mode constraints are as follows:
(a) The depressurization is completed.
(b) The spacecraft checkout is completed.
(c) The SEM temperature and voltage values are within limits.

(d) The low-voltage power supply must be commanded on first, or other ccini:c-.s
will not be executed.

(e) All high-voltage power supplies control registers must be resst:we:
turned ON.

18.5.4.5 Calibration Mode

In Flight Calibration (IFC) for TED and MEPED may be commanded ON simultanecusi,
but if one is commanded ON and the other commanded ON without a waiting pericd .f ¢
least 16 min, erroneous data will result.
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18.5:4.6 Mission Mode

The Mission mode constraints are as follows:

(@) SEM activation and evaluation successfully completed and SEM operating
in the Mission Mode configuration.

(b) SEM turnover to NOAA/NESS for operations in the Mission Mode.
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18.6 DATA COLLECTION SYSTEM

18.6.1 FUNCTIONAL DESCRIPTION

18.6.1.1 Introduction

The Data Collection System (DCS) is one of the environmental monituring systems
to be flown on the TTROS-N series of spacecraft. The DCS will assist NOAA
its overall environmental mission and in support of the Global Atmospheric
Research (GARP) Program. It is planned to have 2000 environmental platforms
located around the Earth to measure such environmental factors as temperature,
pressure, and currents. Some of these platforms will be immersed in a moving
fluid, such as the ocean and the atmosphere. These moving platforms, buoys
and balloons, will provide additional environmental information on velocity anc
direction of the ocean and wind currents.

The DCS will receive information from these fixed and moving environmeanta:
platforms and will process and transfer the data for storage by the spacecraft
tape recorders. These stored data will be transmitted to a TIROS-N groundu s’ «-
tion during station contact. The ground station will record and transmit the &
data to the French Centre National D'Etudes Spatiales (CNES). CNES is th:
responsible manufacturing system engineering and data distribution agency ‘cr
the DCS.

18.6,2 SYSTEM DESCRIPTION
18.6.2.1 General

The DCS is comprised of three units: (1) the receiver and search unit, 2! ¢
signal processor unit, and (3) the power and command unit. The DCS blec.x
diagram is shown in Figure 18.6-1. The platforms transmit data to the DCS ¢

a carrier frequency of 401.650 MHz, digital bilevel format at 400 bps. The

DCS demodulates this signal and determines the intermediate frequency aadr:
ative time of each transmission. These data are processed, formatted, &:dt:s e
ferred to TIROS-N Information Processor (TIP). The following paragraph:
describe how the processing occurs in each of the DCS units.

18.6.2.1.1 Receiver and Search Unit-The receiver and search units are redundant and

switchable on ground command. The characteristics of the input signal to the recoivr

are shown in Table 18.6-l. The receiver linearly converts the incoming signal by ma.
of two trandations to an intermediate frequency which is applied to the input of e

18.6-1
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Figure 18.6-1.

DCS Block Diagram



search unit and to the Data Recovery Units. The Receiver Functional Block Diagram

is shown by Figure 18.6-2. The search unit is basically a spectrum analyzer which
simultaneously sweeps four channels each 6 kHz wide spaced so as to cover the

operating frequency range. A fifth channel detects a very stable calibrating signal that
was injected at the receiver’s front end and compares it with areference voltage. Any
change in the signa voltage level provides an error gain control signa for the IF amplifiers
in the receiver. Figure 18.6-3 shows the functional block diagram of the Search Unit.

TABLE 18.6-1. INPUT SIGNAL CHARACTERISTICS

Frequency 401.650 MHz

e frequency range +12 kHz

e doppler <80 Hz/s
Level -128 dBm to 109 dBm

e dynamic range 19dB

e minimum signal to noise ratio 43 dB-Hz
Modulation - B¢L

e Dbit frequency 400x 5 Hz

e stability <1073

e modulation index 1.1 £ 0.1 rd
IMessage construction:
2160 ms | 111111111111111| 00010111} 1 | 24 bits | n x 32 bits
c.ow. | B.S. | Fs ! IipENT.IP=1,2..8

Sensor Data

18.6.2.1.2 Control Unit (CU)—The control unit sequentially scans the four SU

channels. It makes a binary estimate of both the signal level and frequency.
These two digital words are stored in the CU and are used for the assignment
of a Data Recovery Unit (DRU) to a particular receiver output signal.

18.6.2.1.3 Data Recovery Unit (DRU)—The Data Recovery Unit is comprised of three

sections: (1) phase-locked loop, (2) bit synchronizer, and (3) Doppler counter and formatter.

The four DRU’s perform the following signal functions. acquisition of the carrier, signal de-
modulation, bit synchronization, frame synchronization, Doppler counting, decommutation,
and formatting of the data. Figure 18.6—4 shows the DCS Data Output Format.

18.6-3
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F( ONE 24 BIT DCS WORD e

WORD
MESSAGE CONTENT
- 20 BITS -]
—t—— 4 BITS
DRU NO. (1) SYNCHRONIZATION 8 BITS FOR SIGNAL LEVEL OF THE
' 110101100000 RECEIVED EMISSION.

2ND «—— TIME OF THE BEGINNING OF DOPPLER COUNTING : -1
3RD ~a—— 1D FROM THE INCOMING MESSAGE
4TH [ 48BITS SENSORS INFORMATION

STH SENSORS INFORMATION

b e e —— cm— —

e e men ae m em —— —— ——-

(UP TO 32 SENSORS PER PLATFORM)

= WITH ZEROS ,

(]
{ | THIS LAST DATA WORD IS COMPLETED
}
] |

LAST [~ DOPPLER COUNTING
WORD

NOTES: 1. THE FOUR (4) ID BITS , WHICH IDENTIFY THE DATA RECOVERY
UNIT , ARE THE FIRST FOUR BITS TRANSFERRED TO THE TIP .

2. A FULL PLATFORM MESSAGE HAS A MAXIMUM OF 17 DCS WORDS .

Figure 18,6-4. DCS Data Output Format



18.6.2.1.4 Telemetry Encoder and Memory-The telemetry encoder interro-
gates the buffer in the DRU's. When the buffer is full, the encoder sends a com-
mand to shift the 24 bits into memory. When the data transfer signal from TIP
Is received by the encoder, it will transfer the data out of memory to TIP.

Figure 18.6-S shows the functional block diagram of the Telemetry Encoder and

Memory.

18.6.2.1.5 Power and Command Unit-Power for the DCS is supplied by the

spacecraft +28 V main power bus. This voltage is converted by the power unit
to four levels; +5.0,+12, -12, and -15 V. Regulation and current limitation is

provided for each of these DCS's buses. The command unit consists of seven
relays which perform the ON/OFF functions for the DCS. The CIU sends pulse
commands which control these relays. The command unit sends back to TIP 14
status bits and six analogs.

18.6.2.2 DCS Data

18.6.2.2.1 General-The output data from DCS are of three types: digital-A
data, digital-B, and Analog telemetry.

18.6.2.2.2 Digital-A Data-The digital-A data are clocked into the spacecraft TIP
whenever the A-data enable pulse is received by the DCS encoder. The digital-A output
of the DCS consists of twelve 8-bit TIP words per minor frame. One DCS word con-
sists of 20 bits of data plus 4 ID bits. Thus, 24-bit words are stored in the DCS for
readout of 3 TIP 8-bit words. For a full 32 sensor platform message, 51 TIP words are
utilized. Figure 18.64 shows the DCS data output format.

18.6.2.2.3 Digital-B-There are 10 bilevel digital-B status points that are
sampled by the 3.2-sec subcom of the TIP. Minor frame word 8 is used for
providing the DCS digital-B status. Table 18.6-2 lists the DCS digital-B telem-

etry points.

18.6.2.2.4 Analog Telemetry-The DCS analog telemetry will be available at
the DCS/TIP interface. The DCS analog telemetry will be clocked into the TIP
telemetry 32-sec subcom word 9. The DCS Analog Telemetry Chart is shown

by Table 18.6-3.

18.6.3 MODES OF OPERATION

18.6.3.1 Prelaunch and Launch

This mode establishes the GO/NO GO condition of the DCS. Successful com-
pletion of final flight tests for launch is required. The DCS will be in the OFF
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TABLE 18.6-2. DCS DIGITAL-B TELEMETRY

State * Minor Ch?nﬁmel Word 8
No. Telemetry Point Name Logic "0 Togic "1" | Frame |number | B1¢ #

6-9 81

1 DCS Relay A Status ON OFF 27 251 8
2 DCsS Relay B Status ON OFF 28 28 1
3 DRU 1 ON OFF 28 60 2
4 DRU 2 ON OFF 28 92 3
5 DRU 3 ON OFF 28 124 4
6 ORU 4 ON OFF 28 | 156 5
7 Receiver Receiver 1] Receiver 2 28 188 6
8 Antenna Coaxial Relay Position Receiver 1 | Recetver 2 28 220 7
9 Memory Overflow (>3072 bits) o *k 28 252 8
10 DCS Time Code (MSB) - - 29 29 1

Notes: * Logic"0" or "High.Voltage" state (5+.7V) is "ON". This convention is Just' the
opposite of the convention used by the other spacecraft instruments.

** The state (Logic "0" or Logic "1") of TLM pt. #9 does not, by itself, indicate memory. overflow.
The occurence of memory averflow is indicated by a change in state of this bit.
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TABLE 18,6-3. DCS ANALOG TELEMETRY

No. Telemetry Point Name TIP
Subcom Minor Frame Ch.#
] Receiver Unit Temp. 32 175 175
2 US Oscillator #1 Temp. 32 55 55
3 US Oscillator #2 Temp. 32 63 63
4 USO #1 Thermal Reg. 32 N A
Voltage
5 USO #2 Thermal Reg, 32 79 79
Voltage
6 Receiver #1 Gain Reg. 32 87 87
Voltage
7 Receiver #2 Gain Reg. 32 95 95
Voltage
8 Signal Processing Unit 32 167 167
Temperature
9 Power & Cmd, Unit Temp. 32 47 47
10 Power Converter Temp, 32 39 39
11 PC +5 Voltage 32 238 238
12 PC +12 Voltage 32 15 15
13 PC -12 Voltage 32 23 23
14 PC -15 Voltage 32 3 3




mode for launch. Temperatures will be maintained within limits during the
launch phase by the spacecraft thermal control electronics.

18.6.3.2 Spacecraft Activation Mode

The DCS will remain in the OFF mode until the spacecraft systems have been
activated and evaluated. It is planned that the DCS will be turned ‘ON approxi-

mately three weeks after orbit insertion.

18.6.3.3 Activation

This mode is the sequential turn ON and evaluation of the DCE. The sequence
of events required to establish this mode are contained in para 18.6.5.

18.6.3.4 Mission Mode

This mission mode is started after the DCS has successfully completed the
activation mode. This is the mode that the DCS will remain in during its

operational life.

18.6.3.5 DCS OFF Mode

This is the sequential turn OFF mode for the DCS. This mode will not be estab-
lished unless major difficulties occur with the DCS or spacecraft. Before turn
OFF or the reduction of any DCS capabilities, the DCS Project Office concurrenc+:

must be obtained.
18.6.4 CONSTRAINTS

18.6.4.1 General

The various modes of operation have specific requirements (constraints) that
must be complied with prior to the initiation of a mode. Once a mode has been
established, additional constraints are required in order to maintain a safe mode.
The termination of a mode also has specific constraints that must be met. The
following constraints discussion is based primarily on the requirements as
defined by the DCS specifications.

18.6.4.2 Prelaunch and Launch Mode

The prelaunch and launch mode is as follows:

(@) Dust covers removed.
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(bj Successful completion of GO/NO GO Tests.
(c) DCS in OFF mode for launch.
(d) Launch Temperature.

18.6.4.3 Activation Mode

The activation mode is as follows:
(a) Minimum allowable time between DCS commands is 1 sec.

(b) Prigr to turn ON, DCS temperature must be stable bctween +10°C to
+30 C.

(¢) A120-min warm-up period after the DCS is commanded ON (DCS converter
A/B ON) is required before the DRU’s can be turned ON. Not more than two
DRU’s should be turned ON before warm-up is complete.

@ DCS tempeorature limits during all modes of powered operations are
-5°C to +45 C.

18.6.4.4 Mission Mdde

The mission mode is as follows:
(a) Activation mode has been successfully completed.

(b) DCS has been evaluated and is acceptable for turnover of responsibility
to NOAA/NESS.
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18.7 SARSAT INSTRUMENT PACKAGE

18.7.1 INTRODUCTION

General aviation aircraft are required to carry Emergency Locator Transmitters (ELTs),
which are triggered by the impact of a crash and broadcast a signal at 121.5 and 243 MkEiz
These transmissions can be heard as sirenlike sounds on aircraft receivers of arcraft which
may be overflying the transmitter. In addition, certain large ships are also required ic. cany
121.5 MHz Emergency Position Indicating Radio Beacons (EPIRBs) which also transmit the
sirenlike sound. Some oceangoing vessels voluntarily carry the EPIRBs.

It has been recognized for many years that receipt of ground transmission; by overfly
satellites includes a Doppler shift of the transmitted frequency due to the velocity of the
satellite relative to the transmitter. This Doppler shift information can be used to locate the
transmitter. The Search and Rescue (SAR) Instrument Package first flown on NOA 4-E and
subsequent NOAA satellites carries a repeater for receiving and rebroadcasting the 127.» and
243 MHz signals to a ground station where they can be detected and located by measuring
their Doppler shift. However, these ELTs and EPIRBs were conceived prior to the satellite
system and lack specifications which assure reliable detection through the satellite, Additionas
ly, the SAR system is only functional when the spacecraft is within 1300 miles of z ¢+ oupd ate
tion. Even so, by the launch of NOAA-H, over 1000 people have been saved oy sA.:. forces
making use of satellite-derived .alerts and locations.

A 406 MHz SAR system has been designed specifically to work with the satelli<.  Th:
NOAA satellite SAR Instrument Package carries a 406 MHz processor which reces . -s« traram '
sions from 406 MHz ELTsand EPIRBS, recovers their digital message, measures the Doy pl..
shift, and both stores the data for later transmission and also transmits it in real time, {A
receiver/transmitter for the 406 MHz band is aso included in the repeater for experiricaid
purposes.) This new system utilizes distress transmitters (ELTs and EPIRBS) desi  « # = e
compatible with the satellite and the system provides full global coverage. The 406 MHz
system was demonstrated and evaluated and declared ready for operational use by t'ic time of
the NOAA-H launch. Beginning with NOAA-H, the 406 MHz processor began utii , 1g a
solid state memory for storage of the global data. Prior to NOAA-H, the processe, nised th-
spacecraft tape recorder for global storage.

18.7.2 GENERAL

The SARSAT Instrument ‘Package consists of antennas/diplexer/filters.,r~: ...
package, and a processor package as shown in Figure 18.7-1.

. SARSAT Antennas
SRA receive antennas

121.5/243 MHz
406 MHz

UDA receive antenna
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DATA
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Figure 18.7-1.

SARSAT Instrument Package



401.65/406.025 MHz
SLA transmitter antenna
15445 MHz

« Search and Rescue Repeater (SARR)

o SARP (Prior to NOAA-H) and SARP-M for NOAA-H and thereafter

The antennas/filters/diplexers and the SARR operate similarly on all models of NOAA
spacecraft. The SARP and SARP-M provide different outputs, however. The SARP which is
flown on spacecraft prior to NOAA-H provides a 2.4 kbps real-time data stream to the SARR
for multiplexing into the 1544.5 MHz downlink transmitter, and stored data to the spacecraft
tape recorder through the Manipulated Information Rate Processor (MIRP). The SARP-M
which is flown on spacecraft NOAA-H and thereafter provides the stored data interleaved with
the real-time data in the 2.4 kbps data stream sent through the 1544.5 MHz downlink
transmitter.

The output of the SARSAT Instrument Package is four-frequency multiplexed signals
on the 1544.5 MHz downlink transmitter:

(@) 2.4 kbps data
(b) 121.5 MHz band translated

(c) 243 MHz band translated

(d 406 MHz band translated

In addition, prior to NOAA-H, the instrument package had the additional output of
stored 406 MHz data through the MIRP. These data were also stored on spacecraft tape
recorders. With NOAA-H and later satellites, the SARR instrument will output SARP-M data
and data stored in the SARP memory.

The SARP-M 2.4 kbps data output consists of a Doppler frequency measurement, ap-
propriately time-tagged and includes the SAR data message from the ELT/EPIRB.

For the regional coverage mode, 2.4 kbps rea-time data are transmitted to a Lut via the
SAR Repeater downlink. Global area coverage is provided by storing global 2.4 kbps data in a
406 Processor memory; these data are also transmitted to a Lut via the SAR Repeater
downlink, but only during times when there is no regional coverage 2.4 kbps data to be
transmitted.

18.7-3



18.7.3 SYSTEM DESCRIPTION
18731 General

The orbiting SARSAT Instrument Package receives signals from ground-based
ELTs/EPIRBs and returns them in both raw form and preprocessed form (406 MHz Ex-
perimental Units only) to one or more ground stations. Figure 18.7-1 shows the SARSAT In-
strument Package which consists of three elements:

(a) SARSAT Antennas

(b) SAR -Repeater (SARR)

(c) SAR Processor (SARP-M)
18.7.4 SARSAT ANTENNAS

Figure 18.7-2 illustrates the antenna subsystem which consists of the:

(@  Search and Rescue Receiving Antenna (SRA)

() Data Collection System (DCS/UDA) Antennas

(0 L-band Transmitter Antenna (SLA)

18.7.4.1 SARSAT Recelve Antennas

The SRA antenna feeding the SARR consists of two coaxia quadrifilar designs. The
outer quadrifilar operates at two frequencies, 121.5 MHz and 243.0 MHz. The inner
guadrifiiar operates at 406.05 MHz. The DCS/UDA antenna is a quadrifilar design and
operates at 406.025 MHz for SARP/SARP-M and 401.650 MHz for the Data Collection
System.

The SRA antennas are mounted on a boom which is deployed clear of the other
spacecraft instruments, antennas, and solar array. There are four receive antenna ports for
the SARSAT instruments, three for the SARR, and one for the SARP.

The 243 MHz and 406 MHz for both SRA and UDA receiving antenna patterns are

shaped partialy to compensate for increased signal path losses for ELTs at increasing distances
from the subsatellite point. Table 18.7-1 lists the antenna parameters.

18.7.4.2 Transmitter Antenna

The L-band transmitter antenna is a small 1544.5 transmitter quadrifilar helix located on
the Earth-facing side of the spacecraft which has single lobe pattern for full Earth coverage.
There is one transmit antenna port for connection to the L-band transmitter of the SARR.
Table 18.7-2 lists the antenna parameters.
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Figure 18.7-2. Antenna System Block Diagram
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Table 18.7-I
SARSAT Receive Antennas Parameters

Parameters

Values

Operation Frequencies

Minimum 1 dB Bandwidth

Spacecraft Emission
Limits

VSWR
isolation
Polarization

Axia Ratio and Gain
Patterns

SRA Antenna — 121.51, 243.0, 406.05 MHz
DCS/UDA Antenna — 406.025 MHz
SRA. Antenna — 40 KHz at 121.5 MHz
60 KHz at 243.0 MHz
100 KHz at 406.05 MHz

DCS/UDA Antenna — 40 KHz at 406.025 MHz

-150 121.485-121.515

-145

121.515-121.550

-125 121.550-123.000
-100 123.000-124.500

Max Signa 1215 MHz 243 MHz

Level (dBm) Band Band
-100 118.500-120.000 237.000-242.000
-125 120.000-121.450 242.000-242.925
-145 121.450-121.485 242.925-242.975

. 242.975-243.025

243.025-243.075
243.075-246.000
246.000-249.000

Less than 1.6:1
Gresater than 20 dB at al frequencies.

Right-hand circular

406.05 MHz
Band

396401.000
401.000-405.900
405.900-406.000
406.000-406.100
406.100-406.200
406.200411 .000
411.000-416.000

Contained in SARSAT Document No. D-I, SARSAT Spacecraft Antenna
Specifications for 121.5 MHz, 243.0 MHz, 406.01 MHz, 406.05 MHz,

15445 MHz, Nov. 1979.

18.7.5

SAR REPEATER SUBSYSTEM

As shown in Figure 18.7-1, the SAR Repeater (SARR) subsystem receives the ELT/EPIRB
signals on a 121.5, 243.0, and 406.05 MHz, downconverts to selected intermediate frequencies,

remodulates this data, and retransmits on 1544.5 MHz (repeater data mode).

The basdine

concept is that each receiver is a dual conversion unit with AGC which converts the received

bandwidth down to a frequency range between 35 kHz and 310 kHz.

These bands are then

summed with 2.4 K-bit data from the SAR 406 MHz processor and phase modulated on the
1544.5 MHz downlink carrier frequency. The modulation level of each band is independently
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Table 18.7-2
SARSAT Transmit Antenna Parameters

Parameters Vaues

Operation Freguency 1544.5 MHz

Bandwidth +1 MHz

Power Handling 10 Watts

VSWR 1:5:1

Polarization Left-Hand Circular

Axia Ratio 4.5 dB in Coverage Region

Gain Patterns Contained in SARSAT Document No. D-I, SARSAT
Spacecraft Antenna Specifications for 121.5 MHz, 245.¢
MHz, 406.01 MHz, 406.05 MHz, 1544.5 MHz,
Nov. 1979.

adjustable to account for any long-term changes either in the operational procedure .50
system noise environment. The system block diagram with commands and telemetry ..
shown in Figure 18.7-3.

o SARR Input Parameters — Table 18.7-3 lists the Input Parameters.
o SARR Output Parameters — Table 18.7-4 lists the Output Parameters.

e SARR Transmission impairment Limits — Table 18.7-5 lists the Transmissiot: i
pairment Limits.

e SARR In-Orbit Adjustments — To optimize the system after initial on-orbit fests
capability to adjust the power level of each converted frequency band prion -
modulation on the downlink is provided. The nominal modulation indices torth.
four SARR channels are 0.232 radians rms, 0.464, 0.464, and 0.232 for the 2 -
kHzs, 121.5 MHz, 243 MHz, and 406 MHz channels, respectively. The composite
modulation index is 0.734 radians rms.

Each channel includes a commandable attenuator that allows the modulation index ‘o be

varied independently, subject to the constraint that the composite rms modulation index s: !l
not exceed 0.74 radians.
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The 2.4 kHz channel is controllable in 5 dB steps, the 121.5, 243, and 406 MHz channels
are controllable in 1 dB steps.

18.7.5.1 Commands

For “Level” commands, the “On,” “True,” or “Low” level output from the CXU isa
logic ““1”* of zero-volt level. The “Off,” “False,” Or “High” level output is a Logic ““0" or
+ 10-volt level for CMOS logic.

The SARR requires 14 pulse discrete and 16 level discrete commands (EFG); 14-pulse, 18-
level discrete (HIJ).

All commands will be implemented using the CIU Axnex (CXU). The duration of «ach
pulse will be 60 + 5 milliseconds.

Table 18.7-3
SARR Input Parameters

Parameters Values
Frequency 121.5, 243, 406.05 MHz
Bandwidth 25 KHz — 1215 MHz

46 KHz — 243 MHz
80 KHz — 436.05 MHz

Signa Strength -179 0 -137 dBw — 121.5 MHz
-182 0 -149 dBw — 243 MHz
-165 to -137 dBw — 406.05 MHz

Automatic Level Control 25 ms Attach
75 ms Decay

Transient Recovery Time 2 ms after removal of -60 dBw input signaiit a-s’reqe.,

Processed Data Retransmission of SARP-M data bit stream of 2.4 :bys,
Coded BigL

(SARP-M on NOAA-H and beyond is interieaved .. wiinie
and stored data. Prior to NOAA-H, only real-time ciat--va.
transmitted through the SARR.)
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Table 18.7-4
SARR Output Parameters

Parameters Vaues

Frequency 15445 MHz

Frequency Stability Long Term = 1 part of 10
Short Term + 1 part in 10° in 10 minutes

R.F. Power 8 watts minimum
10 watts maximum

Modulation Index 0.7 rad rrns
2.0 rad peak
Peak to rms ratio <15dB
Harmonics 50 dB below carrier power
Phase Jitter Lessthan 10" rms at SO Hz bandwidth
RF Power Output (rms) Variation + 5% for any combination of input signals or

any type of input signal

The SARR wili survive any sequence of commands in any combination and rate. Normal
test sequences will avoid switching of coaxial relay switches when the switch inputs are
powered.

Further details on the functions of each command are given in Figure 18.7-3 and Table
18.7-6 and in the following paragraphs.

18.75.1.1 SARR Leve Control A Bit O, Bit 1, Bit 2, Bit 3, and Bit 4

These five level discretes together define the level of the data from the three “A”
receivers and the SARP data received from the MIRP by the “A” PTC. They shall operate
together with Bits 5 and 6 which define one of the four data sources to which Bits O-4 apply,
and with the “SARR Execute Level Control A” pulse discrete which commands the SARR to
decode Bits O-6 and assume the commanded state.

The meaning of Bits O-4 shall be different for the different data sources as follows:

(@ 121.5 MHz receiver and 243 MHz receiver.  Bits O-3 shall form a binary number
defining attenuation in decibels. Bit 0 shall be the most significant bit (MSB) with
weight 8 dB; Bit 3 shall be the least significant bit (LSB) with weight 1 dB. Bit 4
shall provide receiver baseband signal output cutoff capability: when Bit 4 equals 1
the receiver shall pass the signal with the attenuation defined by Bits O-3; when Bit 4
equals 0 the receiver shall disconnect the signal from the transmitter.
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Table 18.7-5
SARR Transmission Impairment Limits

Parameters Values
Frequency Noise ,

Additive Noise Temperature 121.5 MHz 1500 K

Due to Spacecraft as 243 MHz 700 K

Measured on NOAA-E 406.05 MHz 300 K

Linearity Less than -170 dBW for intermedulaiion
products produced for two equal tesiioneso;:
-90 dBW *

Gain Variation + 1 dB within each frequency band

Group Delay Slope 50 ps/KHz over 1 KHz band for i21.5MHz ‘

25 us/KHz over 2 KHz band for 243 ©/Yz
13 us/KHz over 2 KHz band for 406 M Hz

SARR Transmit Frequency Variation Less than 1 part in 10° in any 10 imunute
period. Not more than 1 part in i0° ove:ife
of SARR -

Image Rejection RF — greater than 120 dB

IF — greater than 80 dB

Spurious Response In band wideband spurious noise --se::
additive noise

Discrete spurious — less than -176 dBW o+ |
receiver input !

(b) 406.05 MHz receiver. Bit O-3 shal have the same meaning as in the 171:4Hz
and 243 MHz receivers. Bit 4 shall be meaningless.

() SARP data. Bits 0 and 1 shall define the attenuation setting in the PTC accordine
to the code below. Bits 2-4 shall be meaningless.

Bit O Bit ! Attenuation, dB
(H1J) (EFG) :
|
0 0 0 0 l
0 | 10 10 °
1 0 5 20
1 | 15 30
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Table 18.7-6
Spacecraft — SARR Command Interface

Number Command Name Type
1 SARR Level Control Level
A Bit O
2 SARR Level Control
A Bit1l
3 SARR Level Control
A Bit 2
4 SARR Level Control
A Bit 3
5 SARR Level Control
A-Bit 4
6 SARR Bus A Destination
Bit 5
7 SARR Bus A Destination
Bit 6
8 SARR Level Control
B Bit 0
9 SARR Level Control
B Bit 1
10 SARR Level Control
B Bit 2
11 SARR Level Control
B Bit 3
12 SARR Level Control
B Bit4
13 SARR Bus B Destination
Bit 5
14 SARR Bus Destination
Bit 6
15 SARR AGC Disable/Enable A
16 SARR AGC Disable/Enable B
17 SARR TxA On — Tx Pulse
B Off
18 SARR Tx B On — Tx A Off
19 SARR Conv. A On — Conv. B
Off
20 SARR Conv. B On — Conv. A
Off
21 SARR 1217243 A On —
121/243 B Off
22 SARR 1211243 B On — Pulse
1217243 A Off
23 SARR 406 A On — 406 B Off
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rable 18.7-6
Spacecraft — SARR Command Interface (Continued)

, Number Command Name Type
24 SARR 406 B On — 406 A Off
25 SARR Execute Lzvel Control A
26 SARR Execute Level Control B
27 SARR PTC A & Tx A Off
28 SARR PTCB & Tx B Off
29 SARR 406 A Off
30 SARR 406 B Off
31 SARR TXA Enable (HIJ only)
32 SARR TXB Enable (HIJ only)

The SARR shall not respond to changes in these level discretes. Rather, it shall respond
to their state of the time it receives the pulse discrete command “SARR Execute Level Control
A.”  The command receiving circuit is shown in Figure X.

18.7.5.1.2 SARR Bus A Destination Bit 5 and Bit 6
These two level discretes together shall define the destination of the level control com-
mands defined by Bits O-4 and the destination of the AGC disable command as shown below.

Bit 5 | Bit 6 Destination
0 0 121.5 MHz “A” receiver
0 1 243 MHz “A” receiver
| 0 406.05 MHz “A” receiver
l | SARP data attenuators in the “A” PTC

The SARR shall not respond to changes in these level discretes. Rather, it shall respond to
their state at the time it receives the pulse discrete command, “SARR Execute Level Control
A . "

18.75.1.3 SARR Level Control B Bit 0, Bit 1, Bit 2, Bit 3, and Bit 4
The description in 18.7.5.1.1 shall apply, substituting <“B’’ for “A.”

18.7.5.1.4  SARR Bus B Destination Bit 5 and Bit 6
The description in 18.7.5.1.1 shall apply, substituting ‘B’ for “A.”

18.7.5.1.5 SARR AGC Disable/Enable A
The “0” state of this level discrete shall select fixed gain mode for the receiver designated
by Bus A Destination Bits 5 and 6. The “1” state shall select AGC mode for that receiver.
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The SARR shah ignore the state of this discrete if Bus A Destination Bits 5 and 6 are both

“1.” The SARR shall not respond to changes in this level discrete. Rather, it shah respond )

to the state of the discrete at the time the SARR receives the pulse discrete command “SARR —
Execute Level Control A.”

18.75.1.6  SARR AGC Disable/Enable B
The description in the previous paragraph shah apply, substituting “B” for “A.”

18.75.1.7 SARR Tx A On — Tx B Off

This command shah cause the SARR to connect the + 28 VoIt Main Bus to the power in-
put of the “A” transmitter and shah connect the rf output of that transmitter to the SLA.
This command shall also cause the SARR to disconnect the +28 Volt Main Bus from the
power input of the “B” transmitter. This command shall have no effect on the dc/dc con-
verter residing in either PTC, and shall have no effect on any receiver.

18.75.1.8 SARR TxB On — Tx A Off
The description in the previous paragraph shall apply, substituting ‘“B*’ for “A.”

187519 SARR Converter A On — Converter B Off

This command shall cause the SARR to connect the + 28 Volt Main Bus to the power in-
put of the dc/dc converter residing in the “A” PTC and to disconnect the +28 Volt Main Bus
from the power input to the dc/dc converter residing in the ‘B> PTC. This command shall
have no effect on the power status of either transmitter or on the state of any rf switch. The
result of this command shall be to make secondary power available to the power inputs of the
“A” receivers. However, other commands defined below shall determine whether or not those
power inputs connect to the output of the dc/dc converter.

18.7.5.1.10 SARR Converter B Or — Converter A Off
The description in the previous paragraph shall apply, substituting “B” for “A.”

18.75.1.11 SARR 121/243 A On —121/243 B Off

This command shall cause the SARR to connect the power input to the “A” 121/243
MHz receivers to the power output from the dc/dc converter residing in the “A” PTC. It
shall also cause the SARR to connect the rf input to the “A” 121.5 MHz receiver to the
SARR 121.5 MHz bandpass filter and thence to RFF-10/16"" and the 121.5 MHz port of the
SRA; it shall cause the SARR to connect the rf input to the “A” 243 MHz receiver to the
SARR 243 MHz bandpass filter and thence to RFF-9/15" and the 243 MHz port of the SRA.
The SARR shall disconnect the power input to the “B” 121/243 MHz receivers from the
power output from the dc/dc converter residing in the “B” PTC. It shall disconnect the rf in-
puts of the “B” 121.5 MHz and 243 MHz receivers from the rf paths defined above. This
command shall have no effect on the power On/Off status of the dc/dc converter residing in
either PTC. It shall have no effect on the power status or rf connection of either transmitter.

(M) 9 10 (EFG): 15, 16 (HIJ)
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18.7.5.1.12 SARR 1211243 B On —121/243 A Off
The description in the previous paragraph shall apply, substituting ¢“B’* for “A.”

18.7.5.1.13 SARR 406 A Or— 406 B Off

This command shall cause the SARR to connect the power input to the “A” 406.05 MHz
receiver to the power output from the dc/dc converter residing in the “A” PTC. Itshall also
cause the SARR to connect the rf input to the “A” 406.05 MHz receiver to the SARR 40¢.05
MHz bandpass filter and thence to RFF-8 and the 406.05 MHz port of the SRA.

The SARR shall disconnect the power input to the “B” -406.05 MHz (1} receiver irom the
power output from the dc/dc converter residing in the “B” PTC. It shall disconnect the rf in-
put of the ““B’’ 406.05 MHz receiver from the rf path defined above. This cermimand siail
have no effect on the power On/Off status of the dc/dc converter residing in either PTC. It
shall have no effect on the power status or rf connection of either transmitter.

18.7.5.1.14 SARR 406 B On — 406 A Off
The description in the previous paragraph shall apply, substituting “B’’ for *“A."”

18.7.5.1.15 SARR Execute Level Control A

This pulse discrete shall cause the SARR to execute the commands defined by :he current
state of all the “A” side level discretes, including level setting and AGC enable/ disabie.  The
SARR shall execute this command independent of its mode status, so long as the +28 Volt
Main Bus and the + 10 Volt Interface Bus are present. Execution shall take the form - f duv.
ing a set of latching relays in the PTC and the selected receiver. This command shail hav ao
effect on the “B” PTC or any “B” receiver. It shall have no effect on the pow:r ¢*n/Qf*
status or rf signal routing of any unit.

18.7.5.1.16 SARR Execute Level Control B
The description in the previous paragraph shall apply, substituting “B” foi .~

18.7.5.1.17 SARR PTC A and Tx A Off

This command shall cause the SARR to disconnect the power input to the dc/deovivers
residing in the “A” PTC and the “A” transmitter from the + 28 Volt Main Bus. =~ . i
have no effect on any “B” unit or rf signa routing of any unit. It shall havz« e 5 - e
connections between the power output of either dc/dc converter and the powe: ingurroany
receiver.

18.7.5.1.18 SARR PTC B and Tx B Off
The description in the previous paragraph shall apply, substituting «“B*’ far< A

18.7.5.1.19 SARR 406 A Off

This command shall cause the SARR to disconnect the power input to the “A’ 406.05
MHz receiver from the power output from the dc/dc converter residing in the “A” PTC,
This command shall have no effect on the On/Off power status of any other wuae. it <l
have no effect on the rf signa routing of any unit.

18.7.5.1.20 SARR 406 B Off
The description in the previous paragraph shall apply, substituting “B” tor- .5

18.7-17



18.7.5.1.21 SARR Modes
The SARR command structure shall prevent all redundant units listed in Table 1 from be-
ing powered at once. The command structure shall assure that at most one member of each

redundant pair of units is powered.

The command and signa routing structure shall allow cross-strapping of the “A”
receivers with the “B” transmitter and the “B” receivers (1) with the “A” transmitter. |t
shall disallow a mixed set of receivers from “A” and “B.” It shall disalow cross-strapping of
the SARP data. It shall allow any of the three following units to be powered on or off in-
dependent of the power On/Off status of the other two:

« Either transmitter
« Either 406.05 MHz receiver

« The unit comprising the 121.5 MHz receiver and the 243 MHz receiver with the
same letter designation as the 406.05 MHz receiver above.

Table 18.7-7 lists all On/Off power modes of all SARR units, the commands necessary to
achieve the modes, and the effects those commands have on other units.

18.7.5.1.22 SARR Commands When the Spacecraft Enters Safe-State Mode

When the spacecraft Command and Control Subsystem senses certain anomalous condi-
tions, it issues a-set of commands to the other spacecraft subsystems. The composite mode
status that results from those commands is defined as Safe-State Mode.  Safe-State Mode in
genera includes commanding spacecraft mechanical assemblies and latching relays to predeter-
mined states, and then commanding most spacecraft components into low-power or OFF
modes. The commands to SARR associated with entering Safe-Stte Mode will be as follows:

All SARR level discrete commands as defined in 18.7.5.1.1 through 18.7.5.1.6 will be set
to 13 O.”

Two pulse discrete commands will be sent-“SAR PTC A and Tx A OFF’ and “SARR
PTC B and Tx B OFF,” as defined in 18.7.5.1.7 and 18.7.5.1.18.

No other pulse discrete commands will be sent to SARR as part of entering Safe-State
Mode. Therefore, SARR will be an exception to the genera practice of commanding latching
relays into predetermined states. None of the SARR level attenuators, rf switches, or secon-
dary power routing switches will be commanded as part of entering Safe-State Mode.

18.7.5.1.23 SARR TX A Enable/Disable (NOAA-H, -1, -J only)
The “0” state of this level discrete (+ 10 V) shall alow the A-side transmitter to be com-

manded “on.” The “I” state (0 V) shal inhibit the “on” command or cause the A-side
transmitter to turn “off” when powered.

18.7.5.1.24 SARR TX B Enable/Disable (NOAA-H, -1, -J only)
The description above, shall apply, substituting B for A.
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Table 18.7-7
SARR On/Off Power Modes

Unit Mode Command(s) Effect of Commands on
Other Units

TXA Oné&output TxA Enable Turns off Tx B & disconnects Tx B output
connected to TxA On — from SLA; no effect on any receivers or
SLA Tx B Off dc/dc converters
Off PTC A and Turns off power from al “A” units; no

Tx A off effect on any rf switches

Off & output  Tx B Enable No effect on either dc/dc converter or any
disconnected Tx B On — receivers, powers ‘‘B’’ transmitter
from SLA Tx A Off

TxB  All above descriptions apply — interchanging A & B

121/ On & inputs
243 connected to
RxA SRA

Power Off

Power Off

Power Off &
inputs
disconnected
from SRA

Conv A On —
Conv B Off;
121/243 Rx A
On — 121-243
Rx B Off

Conv B On —
Conv A Off

PTC A and
Tx A Off

121/243 Rx B
On —121/243
Rx A Off

Unpowers “B” dc/dc converter and al “B”
receivers, no effect on either transmitter

Unpowers al “A” receivers, powers “B”
converter; no effect on any rf switches or
either transmitter

Disconnects power from al “A” units;
no effect on any rf switches

Connects power input to “B” 121/243
MHz receivers to power output from “B”
dc/dc converter; connects SRA to rf
inputs to “B” 1211243 MHz receiver; no
effect on either transmitter

121/ Rx B — All above descriptions apply — interchanging A & B

243

406 On & input
Rx A connected
to SRA

Conv A On —
Conv B Off;
406 A On —
406 B Off

Unpowers “B” dc/dc converter and al “B”
receivers, no effect on either transmitter

18.7-19




Table 18.7-7
SARR On/Off Power Modes (Continued)

Power Off PTC A and
Tx A Off

Power Off 406 A Off

Power Off & 406 B On —

Unit Mode Command(s) Effect of Commands on
Other Units
406 Power Off Conv B On — Unpowers all “A” receivers, powers “B”
RXA Conv A Off dc/dc converter; no effect on any rf

switches or either transmitter

Turns off power from all “A” units;
no effect on any rf switches

No effect on any other unit

Connects power input to “B” 406 MHz

input 406 A Off receiver to power output from “B” dc/dc
disconnected converter; connects SRA rf inputsto ‘B’
from SRA 406 MHz receiver; no effect on either
transmitter
406 Rx B — All above descriptions apply — interchanging A & B
PTC dc/dc Conv A On — Unpowers ““B’’dc/dc converter and al “B”
A converter Conv B Off receivers, no effect on any rf switches
On or transmitters
dc/dc Conv B On — Unpowers al “A” recelvers, powers “B”
converter Conv A Off dc/dc converter; no effect on any rf switches
Off either transmitter
dc/dc PTC A and Unpowers al “A” units; no effect on any
converter Tx A Off rf switches
Off
PTCB — all above descriptions apply — interchanging A & B

18.7.5.2 Digital “B” Telemetry

The Digital “B” one-bit status telemetry shall be available at the instrument interface at
al times. The 3.2-second subcoms generated by the TIP will sample each Digital “B”

Telemetry Point once every 3.2 seconds.

Words 8 and 12 of the Minor Frame will be dedicated to the sampling of Digita “B”

telemetry from all spacecraft components.
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18.7.5.2.1 Digital “B” Telemetry Points
Four digital “B” Telemetry Points are required by the SARR. The Digital “B”
_— Telemetry Points provided by the SARR are shown in Table 18.7~-8. A description of each
telemetry point is provided below.

Table 18.7-8
SARR Digital “B” Telemetry
Telemetry Digital “B”
Number Point Name Channel Number

1 SARR 121.5 MHz 257
Redundancy Switch

2 SARR 243 MHz 281
Redundancy Switch

3 SARR 406 MHz 305
Redundancy Switch

4 SARR Tx Output RF 329
Redundancy Switch

18.7.5.2.2 SARR 121.5 MHz RF Redundancy Switch
This point reports which of the two redundant 121.5 MHz receivers is connected to SARK
J8, the interface with the 121.5 MHz RF filter, RFF-10 (EFG); RF-16 (HIJ).

This telemetry point provides valid data in all SARR modes. The telemetry circuit is
shown in Figure X.

18.75.2.3 SARR 243 MHz RF Redundancy Switch
This point reports which of the two redundant 243 MHz receivers is connected to SARR
J9, the interface with the 243-MHz RF filter, RFF-9, (EFG); RF-15 (HIJ).

This telemetry point provides valid data in all SARR modes. The telemetry circuit is
shown in Figure X.

18.75.24 SARR 406.05 MHz RF Redundancy Switch
This point reports which of the two redundant 406.05 MHz receivers is connected to
SARR J10, the interface with the 406.05 MHz RF filter, RFF-8, (EFG); RFF-14, (HIJ).

18.7.5.3 Analog Telemetry

The Analog Telemetry shall be available at the instrument interface at all times during
which the instrument is on. Three different subcom types (32, 16, and 1 seconds) generated by
the TIP will be used to sample all spacecraft analog telemetry. The Analog Telemetry points
provided by the SARR are shown in Table 18.7-9. Descriptions of each telemetry point are
detailed below. Twenty-two Analog Telemetry channels are required by the SARR to monitor
the health of the instrument.
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Table 18.7-9

SARR Anaog Telemetry

Anaog
Telemetry
Telemetry Channel Analog Minor
Number Point Name Number Subcom Frame
1 SARR Tx A RF Driver 385, 465 16-2 1,81
Current
2 SARR Tx B RF Driver 393, 473 16-2 9, 89
Current
3 SARR PTC 28 Volt Input 401 16-2 17
Monitor
4 SARR PTC A 16V Output 417 16-2 33
Monitor
5 SARR PTC B 16 Volt 409 16-2 25
Monitor
6 SARR 1215 AGC Volts 425 16-2 41
TXA
7 SARR 1215 AGC Volts 433 16-2 49
Rx B
8 SARR 243 AGC Volts 441 16-2 57
Rx A
9 SARR 243 AGC Volts 449 16-2 65
Rx B
10 SARR 406 AGC Volts 457 16-2 73
Rx A
1 SARR 406 AGC Volts 481 16-2 97
Rx B
12 SARR Transmitter A 489 16-2 105
Temperature
13 SARR Transmitter B 497 16-2 113
Temperature
14 SARR PTC A Temperature 505 16-2 121
15 SARR PTC B Temperature 490 16-2 106
16 SARR Tx A Output Power 498 16-2 114
17 SARR Tx B Output Power 386 16-2 2
18 SARR 121/243 Receiver A 394 16-2 10
Loca Oscillator Oven
External Case Temperature
19 SARR 121/243 Receiver B 402 16-2 18
Loca Oscillator Oven
External Case Temperature
20 SARR 406 Receiver A 410 16-2 26

Local Oscillator Oven
External Case Temperature
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Table 18.7-9 i
SARR Analog Telemetry (Continued)

Anaog
Telemetry
Telemetry Channel Anaog Miuor
Number Point Name Number Subcom Frame
21 SARR 406 Receiver B 418 16-2 14
Local Oscillator Oven
Externa Case Temperature '
22 SARR Tx Baseplate 426 16-2 1
Temperature

18.7.5.3.1 SARR Tx A RF Driver Current

When Transmitter “A” is ON, this telemetry voltage shall be an analog of the dc current
drawn by the transmitter “A” RF driver amplifier from the Transmitter “A” regulated power
supply. When Transmitter “A” is OFF, this telemetry voltage shall be 0 + 0.5 wolt«.

18.75.32 SARR Tx B RF Driver Current
The description in the previous paragraph shall apply, substituting “B” for “a.’

1§.7.5.3.3 SARR PTC 28 Volt Input Monitor
This telemetry voltage shall be an analog of the +28 Volt Main Bus voltage 4:ih=y, 5w
to either or both PTCs, independent of SARR ON/OFF status.

18.75.34 SARR PTC A 16 Volt Output Monitor
This telemetry voltage shall be an analog of the PTC “A” dc/dc converter output
voltage, independent of SARR ON/OFF status.

18.7.5.35 SARR PTC B 16 Volt Output Monitor
The description in the previous paragraph shall apply, substituting “B” for  1.”

18.753.6  SARR 121.5 MHz Rx A AGC Valts

When 121.5 MHz Receiver “A” is powered, this telemetry voltage shall wc .
the gain control voltage to the 121.5 MHz Receiver “A” |IF amplifiers. The a. .fm; ¢
ship shall be independent of whether the receiver is in automatic-gain-control r: -
gain mode. When 121.5 MHz Recelver “A” is unpowered, this telemetry voitage .iall *
+ 0.5 volts.

18.7.5.3.7  SARR 121.5 MHz Rx B AGC Valts
The description in the previous paragraph shall apply, substituting *‘B’* for -»

18.7.5.38 SARR 243 MHz Rx A AGC Volts
The description in the previous paragraph shall apply, substituting “243” for'¢+
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,».7.5.3.9  SARR 243 MHz Rx B AGC Voalts
The description in the previous paragraph shall apply, substituting “B” for “A.”

18.75.310 SARR 406.05 MHz Rx A AGC Volts

If the SARR contains a functional receiver in the 406.05 MHz Receiver A position, the
description in 18.7.5.3.6 shall apply, substituting “406.05” for “121.5.” If the SARR con-
tains a dummy in the 406.05 MHz Receiver A position, this telemetry voltage shall be 0 £0.5
volts.

18.7.5.3.11 SARR 406.05 MHz Rx B AGC Volts
The description in the previous paragraph shall apply, substituting ““B’’ for “A.”

18.7.5.3.12 SARR Tx A Temperature

When the + 28 VoIt Analog Temperature Telemetry Bus is ON, this telemetry voltage
shall be an analog of the temperature of a point internal to Transmitter “A,” located near the
final RF power transistor. The analog relationship shall be independent of the SARR
ON/OFF status. When the + 28 VoIt Analog Temperature Telemetry Bus is OFF, this
telemetry voltage shall be 0 +£0.5 volts.

18.7.5.3.13 SAR Tx B Temperature
The description in the previous paragraph shall apply, substituting “B” for “A.”

18.7.5.3.14 SARR PTC A Temperature

When the + 28 VoIt Analog Temperature Telemetry Bus is ON, this telemetry voltage
shall be an analog of the temperature of a point in the dc/dc converter in PTC “A.” The
analog relationship shall be independent of the SARR ON/OFF status. When the +28 Volt
Analog Temperature Telemetry Bus is OFF, this telemetry voltage shall be 0 0.5 volts.

18.7.5.3.15 SARR PTC B Temperature
The description in the previous paragraph shall apply, substituting “B’’ for “A.”

18.7.5.3.16 SARR Tx A Qutput Power

When Transmitter “A” is ON, this telemetry voltage shall be an analog of the RF power
from the fina RF power transistor to the low-pass filter and output isolator in Transmitter
“A.”  When Transmitter “A” is OFF, this telemetry voltage shall be 0 £0.5 volts.

18.7.5.3.17 SARR Tx B Output Power
The description in the previous paragraph shall apply, substituting “‘B’* for “A.”

18.7.5.3.18 SARR 121.5 MHz/243 MHz Receiver A Local Oscillator Oven External Case
Temperature

The Local Oscillator subassembly of the 121.5 MHz/243 MHz Receiver “A” assembly
contains a crystal oscillator housed in a temperature-controlled oven. When the + 28 Volt
Analog Temperature Telemetry Bus is ON, this telemetry voltage shall be an analog of the
temperature of a point on the outside of the case of the temperature-controlled oven. The
analog relationship shall be independent of the SARR ON/OFF status. When the +28 Volt
Analog Temperature Telemetry Bus is OFF, this telemetry voltage shall be 0 +0.5 volts.
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18.75.3.19 SARR 1215 MHZz/243 MHz Receiver B Local Oscillator Oven External C. e
Temperature
The description in the previous paragraph shall apply, substituting B’ for ““A.””

18.7.5.3.20 SARR 406.05 MHz Receiver A Local Oscillator Oven External Case Temperature

If the SARR contains a functional receiver in the 406.05 MHz Receiver A position, the
description in 2.3.3.18 shall apply, substituting “406.05 MHz" for “121.5 MHz/243 MFz.”
If the SARR contains a dummy in the 406.05 MHz Receiver A position, this telem~iry valtage
shall be 0.9 £0.5 volts when the +28 Volt Analog Temperature Telemetry Bus in ON, and 0
+0.5 volts when the + 28 Volt Analog Temperature Telemetry Bus is OFF.

18.75.321 SARR 406.05 MHz Receiver B Local Oscillator Oven External Case femperature
The description in the previous paragraph shall apply, substituting “B” for “<‘A.”’

18.7.5.3.22 SARR Tx Baseplate Temperature

When the +28 Volt Analog Temperature Telemetry Bus is ON, this telemetry v<:nge
shall be an analog of the temperature of a point near the center of the surface of the
Transmitter Assembly Base Plate. The surface shall be that which faces the inside of the
ESM. The anaog relationship shall be independent of the SARR ON/OFF status. *When ine
+ 28 Volt Analog Temperature Telemetry Bus is OFF, this telemetry voltage shall be 0.8
volts.

18.7.6 SAR PROCESSOR (SARP-M)

The 406 MHz on-board processor (see Figure 18.7-1) receives the 406 MHz transiiss’:
from distress beacons and trandates to an Intermediate Frequency (IF) using a double cc.:ver
sion. The IF signal is demodulated in a phase-lock loop to recover the data; the carrier ire
quency is measured and the data time tagged. For the regional coverage mode, real-time cut:
are transmitted to a Lut via the SAR Repeater downlink. Global areacoverageisproidad |y
storing global data in a 406 Processor memory; these data are also transmitted to a Lut via ihe
SAR Repeater downlink, but only during times when there is no regional coverage dat ':. he
transmitted.

18.7.6-1 SARP-M Description

Figure 18.7-4 shows the block diagram of the 406 MHz Processor. The received signal is
fed first to the Recelver Unit which utilizes a double conversion process to trandlate @ .
to a lower frequency. The receiver is a constant gain type, linear over a 23 dB dysu:n.
Gain is held constant by an Automatic Gain Control referenced to an internally geiir:..
reference signal fed into the receiver input offset from the expected signal bandwidii:

The Search Unit divides the 24 kHz processor operating range into four bands of 6 kHz
each, which are searched simultaneously for received signals. The full 24 kHz band is search
ed in 90 ms. When a signal is detected the Control Unit assigns the signal to a Data¥ oo,
Unit (DRU) on the basis of an algorithm designed to optimize the multiple-act ss perfurrance
The agorithm for assignment is based on the frequency and level of the input “othecrareiver
as well as the current assignment state of the DRUs.
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When a signal is assigned to a DRU, the Voltage Controlled Oscillator (VCO) is
presteered to within the lock-in range by a voltage which is proportional to the signal frequen
cy as determined by the Search Unit. After VCO lock-up, the signal is demodulated and fed
to a hit synchronizer which supplies the clock for subsequent digital processing. When the
clock is available, the sync word contained in the message is detected and the remaining digital
message processed.  Doppler frequency is determined by counting the VCO signal for a
specified time interval; the time at which the Doppler measurement is made is determined by
using a time base referenced to the Processor Ultrastable Oscillator.

The Processor Formatter outputs a composite message made up of either eight 24-bit
words for a short message or nine 24-bit words for the long message to the Processor Memory.
The expected message length is determined by the Processor by detecting a single bit fla-g in-
dicating message length contained in the received message from the experimental ELT/EPIR

The formatted message output is sent to the main memory and to the interface unit where
it is transferred to the SARL. 2.4 kbps input port.

The- processor is implemented physically into three units with a total weight of 16.10 kg,
and a total volume of 28.6 liters. Power consumption is 13.93 watts.

18.7.6.2 SARP-M Output Message Formatting

The basic unit for transmission of SARP-M data is a 24-bit word. A “frame” of data

consists of 50 24-bit words, and the first word (frame sync word) of each frame is aways
“42BBI1F.”

The 24-bit words are organized into messages either 8 words for a short message or 9
words for a long message. The words belonging to a given message will aways be transmiti :d
consecutively, except that the frame sync word (42BB1F) will be inserted between two words - f
the same message at the beginning of a frame if the message is not completed in the previous
frame. The SARP-M will operate in one of three modes. real-time, playback, and real-time
interleaved with playback messages.

Whenever the memory is ON, incoming messages received into the memory unit are
simultaneously transmitted directly (real-time messages) and stored in the memory for subse-
quent transmission (playback messages). Playback messages are always transmitted on a Last
In First Out (LIFO) basis. When any one of the playback (Read Memory) modes is active,
there will be continuous transmission of stored messages (L1FO), one immediately following
another. Playback message transmission will be interrupted if a new message becomes
available for real-time transmission, but only upon completion of transmission of the current
playback message. Following rea-time transmission (and storage) of the new message,
playback transmission will resume where it |eft off. If the memory is filled, the new message
will overwrite the oldest stored message.

If none of the playback modes is active and no messages are available for real-time
transmission, filler or “zero” words are transmitted. The zero word consists of “0” for each
of the first 23 bits and “1” for the 24th (000001 in hexadecimal).
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If any one of the Read commands is received by the SARP-M during the transmission of

a message,

transmission of that message will be completed, and then the mode indicated by the

Read command will be implemented (with playback starting with the most recent message
stored in the memory).

The order of priority in selection of the next 24-bit word to be transmitted is therefore as

follows:

)

(7)

Transmit frame sync word (42BBIF) if thisis the first word of a frame.
Transmit the next word in a partialy transmitted message.

Transmit the first word of the most recent stored message if a Read command has
been received but not implemented.

Transmit the first word of a real-time message which has not been transmitted.
Transmit the first word of the next most recent playback message.

Transmit the first word of the most recent stored message if Read Continuously
Mode is active and if the oldest playback message has just been transmitted. A

zero word will precede resumption of playback.

Transmit the zero word (000001).

The first 4 bits of each 24-bit word (except 42BB1F and 000001) have the following
significance:

First:

DRU which processed the message. “0” for DRU 1, “1” for DRU 2. (All
words of each message come from the same DRU.)

Second: Always “0.”

Third:

Always “0” for real-time messages. For playback messages, it is “1” for the
most recent message in storage, “0” for all other messages.

Fourth: Identifies real-time or playback message. “0" for playback, “1” for real time.

These bits are identical for al words in the same message.

The significance of the remaining 20 bits in each word of short and long messages for in-
orbit operation is shown in Figure 18.7-S.

Data
cy. A hit

on the SARP-M output line is biphase L, code Manchester, at the 2400 Hz frequen-
“1” in the NRZ gives a 10 V down to O transition in the biphase (in the middle of

the bit period). A bit “0” gives a0 to 10 V up transition. The output level on the digital
data line when the SARP-M is off and bus power is on will be alogic “0” (+ 10 V).

18.7-28



-
@4 BITS *

SARP-M. WORD LENGTH = 24 BITS — >

|

WORD NO. 20 BITS >
0 SYNC WORD "Dé€0" RECEMVED LEVEL TIME CODE:
(12 BITS) (5 BITS) (3 BITS)
1 TIME CODE = BINARY VALUE X 20 MS (20 BITS)'
2 .. FLAG® USER CLASS COUNTRY USER IDENTIFICATION
(1 BIM (4 BITS) (8 BITS) CODE (7 BITS;
3 . USER IDENTIFICATION CODE (20 BITS)
4 * USER IDENTIFICATION CODE (20 BITS)
5 . USERIDENT. | BVERGENCY | TIME OR SITUATION ERFCRCCOE
CODE (1BIT) | FLAG (1 BIT) CODE (5 BITS) (13 BITS)
6 .. ERRCRCCOE LEBISe O
(8 BITS)
2 . MSB8 DOPPLER COUNT LS8 DOPPLER COUNT PARTY
(12 BITS) (7 BITS) ’Z‘Taﬂ? A
5 - -
6
7 l
. MS8 DOPPLER COUNT LSBDOPPLERCOUNT |+ gyl
(12 BITS) (7 BITS) T 9T,

* FLAG: VALUE “0” INDICATES 88 BIT (SHORT) MESSAGE
VALUE “1” INDICATES 120 BIT (LONG) MESSAGE

** SEE: 18.76.2

Figure 18.7-5
t he

. Oganization of a Message at

Qut put of

18.7-29

t he SARP-M

SHOHT MESSAGE

oSS A



All messages (Real-time and playback) are output with words in the order shown in Figure
18.7-5, and the serial output of each word begins with the MSB (DRU No.).

18.7.6.3 SARP-M Input Message Format

The SARP-M input message format is shown in Figure 18.7-6. Either of the two formats
for a long or short message can be utilized by an ELT/EPIRB for transmission to the
spacecraft for location and identification of an emergency event.

18.7.6.4 SARP-M Parameters

SARP-M parameters are shown in Table 18.7-10.

18.7.6.5 SARP-M Commands

SARP-M commands are shown in Table 18.7-11 and in Figure 18.7-2.

18.7.6.6 Command Functional Summary

() SARP-M ON-A
Turns dc/dc converter “ON” via Relay A.
(20 SARP-M OFF-A
Turns dc/dc converter “OFF” via Relay A if Relay B is in “OFF” position.
(3) SARP-M ON-B
Turns dc/dc converter “ON” (Redundant) via Relay B.
(4  SARP-M OFF-B
Turns dc/dc converter “OFF” via Relay B if Relay A is in “OFF” position.
(5 DRU 1 ON:
Powers DRU 1 if Relay A or B is on.
(6) DRU 1 OFF:
Removes power from DRU 1.
(7’ DRU 2 ON:

Powers DRU 2 if Relay A or B is on.
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Table 18.7-1 .
SARP-M Parameters

Parameters Values
Input Freguency 406.025 +24 KHz
Input Signal Strength -108 to -131 dBm
Freguency Interference Frequency (MHz) Maximum Interference
Tolerance Signal Level (dBm),
1-15 0
15-375 -20
375-385 -60
385-401 -100
401-411 -145
41 1-425 -100
425-435 -60
435-1 ,000 -20
1,000-10,000 0
Memory Capacity 327,680 bits (2048 short messages or 1820 long
messages)
Processor Capability 90 Messages in Field of View per pass
with 95 percent probability.

(8) DRU 2 OFF:

Removes power from DRU 2.

(99 Read Memory Continuously:

If Relay A or B is ON and memory is ON, messages stored in the memory are read
and transmitted, LIFO, starting with the latest message and ending with the oldest
message, and to repeat this process continuously until another Memory command is
received. Transmission of playback (stored) messages is interrupted (at the end of
a message) when a new message is received, and resumed when the new message
has been transmitted. If the memory is filled and new messages are received dur-
ing the playback, the last message received will be stored as the latest (most recent)
message in memory. Memory content is not affected by reading in this mode and
resets the status of the other Read modes to OFF.
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(10)

an

(12)

(14)

(15)

Read Memory Single Shot:

Exactly the same as Read Memary Continmawsly, except that playback is ter-
minated at the end of one cycle.

Read/Erase Memory Single Shot:

Exactly the same as Read Memory Simgle Shot, except that the content of the
memory is erased (replaced by zerw words) by the reading.

Memory OFF:

Removes power from memory amd resets status of all read modes to OFF.

Memory ON:

If Relay A or B is on, powers memory and activates Wriic mode. With Write
mode activated when a message s -received, it is simultaneously transmitted and
stored in the memory_, except that these actions are delayed until transmission of
any partially transmitted message is complete. If the memory is aready filled, the
new message will overwrite the oldest message in the memory. It also resets the
status of al Read modes to -OFF.

Read Memory Continuously:

If Relay A or B is ON, and mernory is ON, causes messages stored in the memory
to be read and transmitted, LIFO, starting with the latest message and ending with
the oldest message, and to repeat this process continuously until another Memory
command is received. Transmission of playback (stored) messages is interrupted
(at the end of a message) when a new message is received, and resumed when the
new message has been transmitted_  If the memory is filled and new messages are
received during the playback, the last message received will be stored as the latest
(most recent) message in memory. Memory content is not affected by reading in
this mode.

Read Memory Single Shot:

Exactly the same as Read Memory Continuously, except that playback is termi-
nated at the end of one cycle.

Read/Erase Memory Single Shot:

Exactly the same as Read Memory Single Shot, except that the content of the
memory is erased (replaced by zero words) by the reading.

18.7.6.7 Digital B Telemetry

Digital B Telemetry is “one bit” telemetry which describes “off-on” instrument status.
This telemetry is shown in Table 18.7-12.

18.7-33



SARP-M Commands

Table 18.7-1 1

Command MNEMONIC CIU/CXU Type Reset
Name (2) Buffer (1) Logic (4)
Bit State

SARP-M ON-A SRPAN A88/4 Pulse Discrete F

SARP-M OFF-A SRPAF A88/7 Pulse Discrete F

SARP-M ON-B SRPBN ACQ/S Pulse Discrete F

SARP-M OFF-B SRPBF ACO/6 Pulse Discrete F

DRU1 ON SDUIN ACO/7 Pulse Discrete F

DRU1 OFF SDUIF ACO/8 Pulse Discrete F

DRU2 ON SDU2N ACO/9 Pulse Discrete F

DRU2 OFF SDU2F ACO/10 Pulse Discrete F

Read Memory SMRCN 17/6 Pulse Discrete F

Continuously (6)

Read Memory SMRSS 17/8 Pulse Discrete F
(6)

Read/Erase SMRER 17/7 Pulse Discrete F

Memory (6)

Memory OFF SARMF 17/4 Pulse Discrete F
(6)

Memory ON SARMN 17/3 Pulse Discrete F
(6)

1. These circuits do not use hysteresis latching.

2. DRU = Data Recovery Unit

3. See Figure 9 for the SARP-M Command Receiver Circuit.

4, State assumed when CIU or CXU is reset at power turn On.

T =True=0Volt; F=Fdse=+5V.
. Standard interface (GIIS Figure 12)

ool

CXU Buffer
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Table 18.7-12
Digital B Telemetry

0. Telemetry State* (1) Minor Channe} Word 12
Point Name Logic “0” Logic “1” Frame # Bit #

1 SARP-M Relay A Status ON OFF 2 258 1 '
2 SARP-M Relay B Status ON OFF 2 282 2

3 DRU 1 ON OFF 2 306 3

4 DRU 2 ON OFF 2 330 4 l
5 SARP-M Time Code (MSB) — — 8 264 i |
6 M emory ON/OFF ON OFF 6 334 4

7 Read Continuously ON OFF 22 326 3

8 Read Single Shot ON OFF 14 342 4

9 Read/Erase Single Shot ON OFF 23 351 4

*Logic “0” or “High Voltage” state (5 £0.7 V) is “ON.”
(1) All Digitd ““B” telemetry reads logic “1” when the SARP-M is OFF.

18.7.6.8 SARP-M Analog Telemetry

SARP-M analog telemetry is shown in Table 18.7-13 and defined by the ::awinis:
« RU Temperature
-~ Function: To monitor Receiving Unit temperature from -10°Ci¢ 86 ¢
. USO Temperature

- Function: To monitor USO temperature from 0°C to + 100°C.

« USO Therma Regulation Voltage

- Function: To monitor USO regulation voltage which controls oven :zmuziature
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SARP-M Analog Telemetry

Table 18.7-13

No. Telemetry Tip Tip
Point Name Sub Minor Channel
Corn Frame #
1 RU — Temperature Al6A 0,160 384
2 USO — Temperature Al6A 80,240 464
3 USO Thermal Regulation Al6A 50,210 434
4 RGR Receiver Al6A 11,171 395
5 SPU — Temperature Al6A 58,218 442
6 PCU — Temperature Al6A 66,226 450
7 Converter — Temperature Al6A 74,234 458
8 Converter Voltage + 5V Al6A 91,251 475
9 Converter Voltage + 12 V Al6A 98,258 482
10 Converter Voltage -12 V Al6A 122,282 506

RGR Receiver

- Function: To monitor the RGR receiver voltage.

SPU Temperature

- Function: To monitor the Box 2 (processing unit) temperature from -10°C to

+ 50°C.

PCU Temperature

- Function: To monitor the Box 1 (power unit) temperature from -10°C to + 50°C.

Converter Temperature

- Function: To monitor the power converter temperature.
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» Converter Voltage + 5V

- Function: To monitor the + 5 volts SARP-M powerline voltage.
. Converter Voltage + 12 V

- Function: To monitor the + 12 V SARP-M powerline voltage.
. Converter Voltage -12 V

- Function: To monitor the -12 volt SARP-M powerline voltage.
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18.8 SOLAR BACKSCATTER ULTRAVIOLET SPECTRAL RADIOMETER (SBUV/2)

18.8.1 FUNCTIONAL DESCRIPTION

18.8.1.1 Purpose of Instrument

The purpose of the Solar Backscatter Ultraviolet Spectral Radiometer (SBUV/2) isto map, on
aglobal scale, total ozone concentrations and the vertical distribution of ozone in the Earth’s atmo-
sphere. Since the required information cannot be measured directly, the SBUV/2 instrument is
designed to provide data, on an operational basis, from which the distribution of ozone can be deter-
mined on the ground.

Two separate measurements are made to collect the data. The ratio of the two sets of datais of
primary importance. First, the SBUV/2 measures the spectral radiance of the solar ultraviolet radia-
tion backscattered from the Earth; and second, the direct solar spectra irradiance is measured. Both
measurements are made in the spectral range from 160 to 400 nanometers (nm). Such data will
further the understanding of:

e The structure and dynamics of the ozone layer

e The photochemical processin the atmosphere and the influence of trace constituents on
the ozone layer

e The long-term solar flux changes in the ultraviolet

18.8.1.2 Genera Description

The SBUV/2 is a nonspatial scanning, spectrally scanning instrument designed to measure scene
radiance and solar spectral n-radiance in the spectral range from 160 nm to 400 nm to permit the
caculation of total ozone in the Earth’'s atmosphere. The instrument operates in four distinct modes.
In the first mode, called the Discrete Mode, the instrument sequentially measures the scene radiance
or the solar spectral ix-radiance in 12 discrete spectra bands. In the second mode, caled the Sweep
Mode, the spectral bandpass sweeps from 400 nm to 160 nm in a quasi continuous manner (actually
arapid series of small, discrete steps). In this mode, radiometric measurements are made by elec-
tronic sampling of the output signal, while the grating moves. Either the scene spectral radiance or
solar spectral irradiance is measured in this mode; in the latter case the diffuser must be deployed.

In the third mode, called the Wavelength Calibration Mode, the instrument operates asin the Dis-
crete Mode, but stops at 12 presel ected wavel ength positions bracketing one of the strong emission
lines of the onboard calibration lamp. In the fourth mode, called the Position Mode, the spectral
scan mechanism moves to and remains at a preselected position upon receipt of the command. This
mode is used primarily for instrument testing; but, with the use of the instrument diffuser, both
scene radiance and solar h-radiance can be measured.
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The SBUV/2 instrument (Figure 18.8-1) consists of two separate modules: a Sensor Module
(SM), and an Electronics and Logic Module (ELM). The SM is mounted to the Earth-facing surface
of the Advanced TirossN (ATN) Equipment Service Module (ESM). The ELM is mounted to the
back of the Earth-facing surface within the ESM and connected eectricaly to the SM via a separate
cable assembly. All spacecraft electrica interfaces with the instrument are made through the ELM
(Figure 18.8-2).

The SM contains a spectra scanning double monochromator, a cloud cover radiometer, mech-
anisms, and some eectronics, the ELM contains the bulk of the electronics.

The SBUV/2 instrument measures backscattered solar radiation in an 11.3' X 11.3" field of
view (FOV) in the nadir direction at 12 discrete, 1.1 nm wide wavelength bands between 252.0 nm
and 339.8 nm using a spectra scanning double monochromator. The solar n-radiance is determined
a the same 12 wavelength bands by deploying, upon ground command, a diffuser to reflect sunlight
into the instrument FOV. The atmospheric radiance measurement relative to the solar n-radiance
measurement is the significant data.

The SBUV/2 instrument can also measure the solar irradiance or the atmospheric radiance
with a continuous spectral scan from 400 nm to 160 nm in increments of nominally 0.148 nm. -
These measurements provide data on photochemical processes in the atmosphere and long-term
solar flux changes in the ultraviolet.

A separate narrowband filter photometer channel, called the Cloud Cover Radiometer (CCR),
continuoudy measures the Earth’s surface brightness a 379 nm, i.e., outsde the ozone absorption
band. The CCR islocated in the same structure as the monochromator, and its FOV is the same
size(11.3' X 11.3") as, and is coaligned with, the monochromator’s FOV.

18.8.1.3 Data Products

The data system for SBUV/2 consists of circuitry to output all the instrument radiometric,
voltage, and temperature monitors and general status information. All of thisinformation is trans-
ferred via the spacecraft Tiros Information Processor (TIP) and will be available wherever TIP data
are obtained, whenever the SBUV/2 ison. The SBUV/2 data system will utilize TIP digital-A,
digital-B, and subcommutated analog channels.

18.8.1.3.1 Digital-A-The SBUV/2 is designed to output all digital instrument data to the TIP
digital-A data channels. These data include dl radiometric signds, sync words, instrument tempera:
tures, encoder position, and any other information required for utilization of the radiometric data
and for monitoring the status and general health of the instrument.

18.8.1.3.2 Digital-B-The digital-B or bilevel telemetry consists of single-bit status monitors used

for command verification. The sample rate of each of the 22 alloted bilevel channelswill be once
every 3.2 sec.
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18.8.1.3.3 Subcommutated Analog Telemetry -These telemetry channels are intended for instru-
ment use primarily to monitor temperatures. Seventeen analog telemetry circuits are used by the
SBUV/2, 15 of which are powered from the instrument dc/dc converter. The spacecraft provides a
separate switched +28 V bus to each instrument for monitoring housekeeping temperature when the
instrument is off; two SBUV/2 temperature monitors are powered by this bus.

18.8.1.3.4 Data Storage--The SBUV/2 utilizes no onboard data storage.
18.8.2 SYSTEM DESCRIPTION
18.8.2.1 Introduction

The SBUV/2 is functionaly similar to the SBW system flown on Nimbus-7. The SBUV/2
incorporates dual Ebert-Fastie monochromators mounted in tandem on a single shaft; thisis neces-
sary to meet the stray light rejection requirements. This monochromotor assembly is the heart of
the SM. The grating position (spectral bandpass) is provided by an encoder-controlled direct-drive
system with direct readout of grating position. The incoming W light passes through a depolarizer
and chopper before entering the entrace dlit of the monochromator itself. Upon exiting the mono-
chromator, the dispersed energy is directed to the photocathode of a PMT via atransfer optics
assembly.

A separate radiometric channel, an atmospheric window channel, lies parallel to the mono-
chromator; the chopper is the only common element. The detector in this case is avacuum photo-
diode, and the spectral bandpass is provided by an optical filter. A simplified optical schematic is
provided in Figure 18.8-3.

The sensor module also contains a “calibration” lamp assembly which utilizes an Hg Pen-Ray
lamp. This lamp is used to spectrally calibrate the monochromator in orbit and to monitor the
reflectance of the flight diffuser. The diffuser assembly is provided so that the direct solar irradiance
can be measured-a measurement essential for ozone determination. In addition, the SM contains
electronics for powering the high voltage supplies, and signa processing of radiometric data. All
additional electronics are contained in a separate module, the ELM.

18.8.2.2 System Performance Reguirements

The essentid features governing the performance requirements are:
1. Theinstrument must operate over a dynamic range of 1 0°.

2. The instrument cannot be radiometrically calibrated in orbit because the Sun is not
stable enough, and suitable sources do not exist.

3. The absolute accuracy of the radiance-to-ii-radiance ratio measurement must approach
one percent.
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4, NBS-supplied sources suitable for instrument calibration have a maximum dynamic
range of 40.

Instrument performance requirements are summarized in Tables 18.8-1 to 18.8-4 and the
following subparagraphs.

18.8.2.2.1 Instantaneous Field of View (IFOV)-The SBUV/2 shdl have a haf-power IFOV whose
size is 11.33 £0.57 degrees for all spectra bands in the Discrete Mode and the CCR. In addition,
the half-power IFOV shal be sguare to within 0.1 degree, and each channe of the Discrete Mode
shal have an IFOV that does not differ from the CCR IFOV by more than 0.1 degree in each of
two perpendicular directions.

18.8.2.2.2 Field Uniformity-The relative response, as measured by two mutually perpendicular
scans of a point or narrow dlit source across the IFOV (one scan perpendicular to and one scan
parallel to the entrance dit) shal not vary by more than 10 percent from the mean, within an
angular interval, centered in the IFOV, whose width is 80 percent of the half-power IFOV. The
width of the point or narrow dit source shall not exceed 10 percent of the required IFOV. In the
case of the CCR the variation within the 80 percent of haf-power IFOV shal not exceed +5 percent.

18.8.2.2.3 Out-of-Field Response-The tota system response obtained while the instrument (masked
to exclude a central FOV having an angular dimension 10 percent larger than the measured half-
power IFOV) views a large, uniform, diffuse source intending an angle at the entrance aperture 10
times the haf-power IFOV and whose intensity does not exceed the maximum expected scene
radiance, shall not exceed 1 percent of the total system response obtained while the instrument
views the same source with the mask removed, at any spectra position within the range 250 nm to
400 nm. In addition, any strong, localized beam of UV energy impinging on the diffuse plate at any
position outside the masked out area, with the mask in place, shal not exceed the observed system
noise.

18.8.2.2.4 Optical Alignment

18.8.2.2.4.1 Precison-All alignment measurements shall be made with a precision of 0.01 degree
or better.

18.8.2.2.4.2 Alignment Requirements-The optical axis of the monochromator and of the CCR
shall be aligned pardlel to within 0.1 degree. The alignment of the optica axis of the monochro-
mator to the instrument reference shall be 0.1 degree or less, and the alignment of the instrument
reference axis to the spacecraft +X axis (nadir) shall be 0.1 degree or less. The optical axis is
defined as the direction determined by disecting the angle between the half-power response points
determined from two mutualy perpendicular FOV scans. This requirement shal hold between each
spectra band in the Discrete Mode and the CCR and the instrument reference.
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Table 18.8-1 SBUV/2 Spectral Bandpass Requirements

Centra Wavelength
(nm)

Bandwidth
(nm)

Discrete Mode

339.89 * 0.05
331.26 £0.05

317.56 £ 0.05
312,57 = 0.05
305.87 £ 0.05
301.97 = 0.05
297.59 £ 0.05
292.29 *0.05
287.70 £ 0.05
283.10 + 0.05
273.61 £ 0.05
252.00 £ 0.05

"

"

”

"

Sweep Mode
160 - 400 * 0.25

0.2
10—

Cloud Cover Radiometer
379 £ 1.0

3.0+03

Table 18.8-2 SBUV/2 Dynamic Range Requirements

Cloud Cover
Discrete Mode Sweep Mode Radiometer
Maximum Scene
Radiance (mW/M? -sr-A) | 40 (339.8 nm) 53 (400 nm) 40
Minimum Scene . .
Radiance (mW/M?2 —sr-A) 1.2 x 10 1.2 x 107 0.125
Maximum Solar
Irradiance (mW/M2-A) 120 (339.8 nm) 166 (400 nm) N/A
Minimum Solar
k-radiance (mW/M2-A) 3(252 nm) 0.01 (160 nm) N/A
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Table 18.8-3 SBUV/2 Minimum Signal to Noise

Required
Central SN (Note 1) Source Intensity
Wavelength
(nm) Radiance Measurements Radiance.
Sweep Mode
Discrete Mode (Note 4) (mW/M?2 -sr-A)

252.0 35 10 (Note 2)

273.61 100 30 498 X 104
283.10 200 60 9.78 X 10™*
287.70 260 80 1.30 x 103
292.29 400 145 2.39 x 103
297.59 4 0 O 210 3.48 x 1073
301.97 400 230 3.84 X 1073
305.87 400 400 6.72 X 1073
312.57 400 400 1.49 x 102
317.56 400 400 3.09 x 102
331.26 400 400 2.08 x 1071
339.89 400 400 412 X 10-t
CCR 100 --- (Note 3)

Irradiance
Irradiance Measurements (W/em?)

160 --- 2 0.26
170 --- 50 0.30

180 --- 250 0.80
190 --- 400 1.60
200 --- 400 3.40

Notes: 1. Except for data pertinent to Notes 2, 3, and 4, the required S/N values are

not true signal-to-noise ratios. These values are to be defined as peak signal
divided by background noise (rms).

. To be measured while viewing a uniform target whose radinace is 1.20 X

10* mW/M? —sr-A averaged between 25 1 nm and 253 nm.

. To be measured while viewing a uniform target whose radiance is 0.125

mW/M?-sr-A averaged between 375 nm and 385 nm.

. In the sweep mode at the crossover between gain ranges 1 and 2 the max-

imum required S/N shall not exceed 100 at any specified wavelengths
above 292 nm.
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Table 18.8-4 Absolute Radiometric Accuracy

Spectrd  B-radiance Cdibration (Instrument Diffuser)

Max. Percent Error of

Wavelength Source* Diffuser Max. Absolute
(nm) Source | Source| Transfer |(Goniometric) Pther Errer Error of
Measurement (RSS)

200-250 Mini-Arc 6.0 3.5 1.0 7.02
250 QI 2.6 2.0 1.0 3.43
300 Q1 2.1 2.0 1.0 3.07
350 QI 17 20 1o 2.81
400 QI 15 2.0 | 10 2.69

Spectral Radiance Calibration {d=sst Diffuser)

200-250 Mini-Arc 6.0 3.5 2.9 10 7.30
250 QI 2.6 2.0 18 1.0 3.57
300 Ql 21 2.0 1.0 10 3.23
350 QI 17 2.0 1.0 1.0 2.98
400 QI 15 2.0 1o 1o 2.87

*Includes nongoniometric diffuser errors.

18.8.2.2.5 Out-of-Band ‘Response-The total out-of-band response, integrated over all wavelengths
outside a spectral region three times the measured bandwidth but centered on the central wave-
length (o), shall not be greater than 1 percent of the response within the total measured bandpass
for all spectral bands between 250 nm and 400 run. If N, isthe scene radiance and S, isthe instru-
ment transfer function and AA is the measured half-power bandwidth, then:
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To demonstrate compliance with this specification, the total out-of-band response shall be deter:
mined by direct measurement or by a combination of measurement and analysis for each band ~f
the Discrete Mode and for the CCR. The source used shal smulate as close as possible the spectra
characteristics of the solar n-radiance.

18.8.2.2.6 Spectral Resolution-The SBUV/2 monochromator shall have a spectral resolution
capability of 0.2 nm, for the entire it height, over the spectral range 250 nm to 400 nm. This can
be demonstrated by measurement at 253.7 nm and extended by ray trace analysis to the balance of
the spectra range.

18.8.2.2.7 Polarization Sensitivity-The sensitivity of the SBUV/2 to linear polarization of the
scene, as given by the following equation, shall be no greater than 0.05 for all wavelengthsin the
range 252.0 nm to 339.8 nm.

Ps = ————— < 0.05

where | max is the maximum response of the SBUV/2 to a 100 percent linear polarized source, and

I min is the minimum response of the SBUV/2 to a 100 percent linear polarized source of the same
intensity. The polarization operator of the test equipment used in the measurement of the polariza-
tion sensitivity must be independently determined and analytically removed from the system te«:
results.

18.8.2.2.8 System Linearity-The nonlinearity of system response shall not exceed 1 percent ot
the output signal over the total dynamic range. If the system response to a scene radiance of ‘M’ s
‘Ro,’ then system response to a scene radiance of ‘nNo’ must be nRo + 0.01 (nRo - Ro); where 1)
‘n’ isany nonzero positive number, 2) ‘No’ and ‘nNo’ must lie within the required or expected
dynamic range of the channel (extrema included), and 3) system response shall be the mean of a
minimum of 50 samples. In addition, system response shall be independent of instrument orienta-
tion in Earth’s magnetic field. Compliance with these requirements shall be demonstrated by mea-
surement in air only.

18.8.2.2.9 Radiometric Stability and Repeatability

18.8.2.2.9.1 Short-Term Stability-The radiometric response of the instrument shall meet the
following stability requirements. The corrected mean response of the instrument shall not differ by
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more than 1 percent from a previous or subsequent response measurement made while viewing the
same source operating at equal intensity but separated in time by at least 24 hours for each wave-
length in the Discrete Mode. The mean response is to be determined from at least 50 successve
data samples taken with the wavelength drive stopped at each Discrete Mode position. These instru-
ment data are to be corrected for changes in instrument temperature and other responsedependent
parameters, if any, before comparisons are made.

18.8.2.2.9.2 Long-Term Stability-It is desired that the change in radiometric response, as defined
in the previous paragraph, shall not change by more than 3 percent over aperiod of 6 months. Be-
cause of the impracticability of demonstrating compliance by actualmeasurement before instrument-
delivery, compliance can be demondtrated by an estimate of long-term stability based on analyss.
This analysis must use measured instrument rates of change as well as vendorsupplied subsystem
test data.

18.8.2.2.9.3 Wavdength Accuracy and Precision-All wavelength measurements for both the Dis-
crete Mode and Sweep Mode shall be made with an absolute accuracy given by the tolerance on'the
defined wavelength in Table 18.9-. The required measurement precision during ground caibration
of SBUV/2 shall be £0.005 nm or better.

18.8.2.2.10 Instrument Calibration

18.8.2.2.10.1 In-Flight Measurement of Detector Gain-The SBUV/2 shall provide for in-flight
measurement of changes in gain of the detector(s), including the preamplifier stage. The measure-
ments shal be sengtive enough to determine a gain change of 0.5 percent or less in the spectral
range 300 nm to 340 nm. Averaging of 100 measurements is permissible.

18.8.2.2.10.2 In-Flight Wavelength Calibration-The SBUV/2 shall provide the means of in-flight
wavelength calibration. The onboard calibration shall be sensitive enough to detect a0.1-nm shift
in the indicated wavelength with a measurement precison of 0.01 nm.

18.8.2.2.10.3 Preflight Calibration: Ratio of Radiance to Irradiance Accuracy-The ratio of the
radiance cdibration to u-radiance caibration a the same wavelength shal be determined to an accu-
racy of 2.35 percent in the spectral range 200 nm to 250 nm and to an accuracy of 1.53 percent at
250 nm; 1.57 percent at 300 nm and 1.82 percent in the spectral range 340 nm to 400 nm. The
ratio is to be determined from radiance and G-radiance measurements made with a minimum time
separation; i.e, at each Discrete Mode wavelength, the spectral drive is to be stopped and both mea
surements made before continuing. During the time of ratio measurement, the instrument response
shall not vary by more than 0.5 percent.

18.8.2.2.10.4 Inflight Diffuser Calibration—The contractor shall demonstrate by direct test
that the system provided to monitor the diffuser performance is sensitive enough and has the
stability required to detect a one percent change in the diffuser relative spectral reflectance in
orbit, with a precision of 0.5 percent, over the spectral range 185 nm to 405 nm. This can be
demonstrated on atest to test basis or by using averages of up to eight automated data se-
guences which approximates the monthly orbital data collection in this mode.
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18.8.2.3 Operational Phases and Modes

The SBUV/2 is anonspatial scanning, spectrally-scanning instrument. |t operates in several dis-
tinct phases and modes which can be selected by command. There are three operational phases,
four monochromator modes, four scene modes, and a diffuser decontamination mode. The opera-
tional phases are:

e Launch and Orbital Acquisition Phase-The monochromator aperture is covered by atwo
position calibration lamp assembly; the diffuser is stowed, and the power is off.

® Mission Phase-This is the normal operating mode. Selected combinations of four meic-
chromator modes and four scene modes are possible.

e Standby Phase-The baseplate heater can be turned on if needed. However, analysis
shows that this will not be required.

The four monochromator modes are:
e Discrete Mode-The gratings are stepped to each of the 12 discrete wavelength positivns
and dwells at each position for 1.25 seconds. This is repeated until another mode is

selected.

e Sweep Mode-The gratings are continuously moved to sweep the wavelength range of
400 nm to 160 nm. This is repeated until another mode is sel ected.

o Wavelength Calibration Mode-The gratings are stepped to 12 discrete positions aroun.d
the 253.7-nm line or any other preselected line from an onboard mercury calibratic »
source. Thisis repeated until another mode is selected.

e Position Mode-The gratings are moved to, and stopped at, ‘the position commande:.
The gratings will stay in this position until commanded to another position or into
another mode.

The four scene modes are:

e Fath View Mode

e Sun View Mode

e Wavelength Cdibration Mode

e Diffuser Check Mode
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All data are obtained during the Mission Phase. Figure 18.8-4 shows the various mode combi-
nations that can be used during the Mission Phase. The primary science data are collected when
viewing the Earth and the Sun. The Cloud Cover Radiometer (CCR) views the same scene as the
monochromator, sampling incoming energy at 379 nm. Independent of the monochromator mode,
the CCR integrates the scene for 1 second every 2-second period.

The Launch Phase, Diffuser Check Sequence, Diffuser Decontaminatiion Mode, and the four
scene modes are chosen by selecting one of four postions for the diffuser and one of two postions
for the wavelength caibration lamp. The wavelength cdibration lamp is a mercury lamp housed
within the deployable door over the entrance apertures. Figure 18.8-5 shows the combinations and
the monochromator operating modes (grating drive mechanism) that accompany them. The posi-
tions of the diffuser and the calibration lamp and the operation of the grating drive define the
operating mode.

In the Launch Phase, the diffuser is stowed in an enclosure, protected from outgassing prod-
ucts, debris, and combustion products from the orbit-adjust thrusters. The cdibration lamp assembly
serves as a contamination cover over the entrance aperture for both the monochromator and the
CCR.

In the Earth View Mode, the diffuser remains stowed and the lamp assembly is deployed to the
open position. The monochromator operates in either the Discrete or Sweep Mode.

In the Sun View Mode, the diffuser is deployed to 28” below the instrument Y -Z plane. Sun-
light is reflected into the entrance aperture during a portion of each orbit.

The frequency of the alowed Sun-viewing opportunities and their durations depends upon the
orbit geometry. For the nominal mission, the spacecraft isin a Sun-synchronous, near-polar orbit
with the ascending node between 1400 and 1800 local mean time. Orbit period is approximately
102 minutes. The spacecraft +X axis is always verticd downward; the spacecraft +Y axis points
back along the velocity track; and the +Z axis is along the positive normal to the orbit. The Sun lies
within 68” of the +Z axis. In spacecraft coordinates, the Sun line cones about the Z-axis at an angle
7, once every orbit. Figure 18.9-6 shows its path in direction space. The diffuser is on the bottom
of the spacecraft in alocation where parts of the spacecraft shadow it whenever the Sun is above
the Y-Z plane or to the -Y side of the X-Z plane, or within 3" of the X-Z plane.

When the Sun is less than 62° from the +X axis, the Earth shadows the whole spacecraft. Thus,
the diffuser is sunlit only when the Sun is in the shaded region of Figure 18.8-6.

The diffuser must be tilted so it sees no earthshine, putting its normal within 28° of the -X
axis. S0, as the Sun approaches the limb of the Earth (at 62" from the +X axis), the diffuser is
illuminated a an extremely large incidence angle.

Whenever v is greater than 3°, the Sun shines on the diffuser once every orbit (i.e, once every
102 minutes). Figure 18.8-7 shows how long during each orbit the diffuser is illuminated with the
Sun between 75 and 90 degrees from the X-axis. Part of the time shown may include shadowing
from spacecraft antennas.
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During the Sun View Mode, the monochros.iator is operated in either the Discrete or the
Sweep Mode.

During the Wavelength Cdibration Mode (see Figure 18.8-5), the diffuser can be stowed or can
be directly in front of the instrument aperture, and the calibration lamp assembly is closed covering
both apertures. In the Sweep Mode, the monochromator scans over the mercury lines at 184.0,
253.7,302.2,313.2, 365.0, and 404.7 nm. In the Wavelength Calibration Mode, the monochro-
mator can be commanded to sequence through 12 discrete wavelengths around any-desired line
from the mercury source.

In the Diffuser Check Mode, the monochromator views the diffuser which is directly in front
of the instrument and aperture and is illuminated by the wavelength calibration lamp. The mono-
chromator scans the same line as in the Wavelength Calibration Mode, or it can operate in the sweep
mode. The ratios of the two sets of data (the lamp directly and the lamp reflected from the diffuser)
provide the check of diffuser spectral reflectivity. These two measurements are completed within
7 minutes.

In the Diffuser Decontamination Mode, both instrument apertures (the monochromator and
the CCR) are covered by the Calibration Lamp Assembly (aperture door). The diffuser is pointed
away from the instrument and the 5 W heater is turned on, heating the diffuser to approximately
70°C.

The monochromator has four distinct modes as shown in Figure 18.8-4.

Discrete Mode

e Swveep Mode

Waveength Cdibration Mode

Position Mode

The sequencing for each monochromator mode is controlled from either a fixed, ground-
programmable memory (FIX system) or from a random access memory programmable by com-
mand (FLEX System). The desired memory is selected by command.

Each monochromator mode defines a unique wavelength sequence and a data sampling se-
quence. At the end of each mode sequence (except the Position Mode), the preamplifiers are
switched out and up to ten precision voltage levels are inserted into the electronics for calibration of
the analog eectronics and the voltage-to-frequency converters.

Beginning at the first mgor frame following a Discrete Mode command, the gratings sequen-
tially move to and dwell at the 12 discrete wavelengths. Figure 18.8-8 shows the wavelength-versus-
time profile. The signal at each wavelength isintegrated for 1.25 seconds. An additional 0.75 sec-
ond is allowed for moving to and settling at the next wavelength. Thus, the 12 discrete wavelengths
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are covered in 24 seconds. This allows 8 seconds for returning to the first discrete wavelength,
electronic calibration, and waiting for the start of the next major frame. The 12 discrete wave-
lengths specified in Table 18.8-1 are stored in the FIX system. Any 12 wavelengths can be com-
manded into the FLEX system.

Beginning at the first major frame following receipt of a Sweep Mode command, the wave-
length range from 407 nm to 160 nm is scanned in nominally 0.074-nm steps. Figure 18.8-9 shows
the wavelength-versus-time profile. The monochromator signal isintegrated for 0.1 second resulting
in nominally 0.148 nm sample increments. Therefore, 1680 spectral measurements are made be-
tween 407 nm and 160 nm. This takes 168 seconds. The grating drive then retraces to 407 nm and
waits for the start of the next major frame. Thus, the total cycle time for the Sweep Mode is 192
seconds. Electronic calibration takes place during the time period between 168 seconds and 192
seconds. The starting position (407 nm) is stored in the FIX system. Any starting position can be
commanded into the FLEX system. During operation, either starting point will be followed by the
1680 spectral measurements.

The Wavelength Cdibration Mode is functiondly very similar to the Discrete Mode. Beginning
at amajor frame, the grating moves to and dwells at 12 separate wavelengths, each separated by
nominaly 0.296 nm, around any single desired line source. At each wavelength, data are integrated
for 1.25 seconds. Figure 18.810 shows the timing for this mode and an example of the resulting
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data. The FIX system will store vhe starting wavelength for the 253.7-nm mercury line and the
remaining 11 wavelengths are achieved through logic. The FLEX system can be programmed to
dart sequencing a any wavelength.

Upon receipt of a Position Mode command and at the start of the next major frame, the grat-
ing goes to the grating shaft position location in memory, The FIX system will contain a preset
position. However, any position can be commanded into the FLEX system. The grating will
remain at this position until a new position isloaded into the FLEX system or until receipt of anew
mode command. In the Position Mode, data are integrated for 1.25 seconds during every 2-second
period as in the Discrete Mode. There is no ECAL during the Position Mode.

18.8.2.4 Radiometric Input

Both the monochromator and the cloud cover radiometer are designed to view sources or tar-
getsthat are larger than their 11.3' X 11.3 fields of view (such as the Earth), and to measure the
average radiant power within the field of view. When viewing the Sun, which is smaler than the
instrument’ sfield of view, the onboard instrument diffuser takes the rays from the one-half-degree
Sun and provides a diffuse source that overfills the instrument field of view.

The range of radiant power that the monochromator and the cloud cover radiometer measure
isillustrated in Figure 18.8-11. Solar irradiance values have been converted to radiance levels at the
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onboard diffuser by using an average diffuser transfer factor or efficiency of 0.068 mW/m? -sr-A
per mW/m? -A.

The efficiency or throughput of the monochromator is strongly dependent upon the wave-
length, especially below 180 nm where the transmissions of the depolarizer and photomultipler tihe
faceplate substantially drop off. Figure 18.8-12 shows the expected range of photomultiplier anode
currents for the monochromator. The maximum radiance values will typically be encountered in
the equatorial regions and the minimum radiances over the polar regions. Figure 18.8 12 aisc show
the range of cathode currents for the cloud cover radiometer.

In addition to accommodating a wide range of radiance levels, the depolarizer maxes the
SBUV/2 instrument relatively insensitive to different levels of polarization. The instrument also
contains a precise wavelength drive system.

18.8.2.5 Sensor Module Description

Figure 18.8-13 highlights the optical elementsto aid in following the light paths throigh ine
Sensor Module. Figure 18.8-14 is a functional block diagram of the Sensor Module.

Photons reach the entrance aperture from several possible sources. First, with the diffuser
stowed and the aperture cover open, Earth radiation directly enters the aperture. Second, withtne
diffuser deployed to the Sun view position, solar radiation is reflected into the aperture ““iird, fe-
in-flight calibration, light from an onboard mercury lamp, located in the aperture cover, c-n e
directed straight into the aperture or reflected from the diffuser when the diffuser is 1a the calibra-
tion postion.

The light passes through a four-element cultured quartz depolarizer and is chopped before
reaching the entrance dlit of the monochromator. Light for the cloud cover radiometer does not
pass through the depolarizer but is chopped immediately. The chopper consists of a five-bladed
wheel that is driven in phase-lock at four revolutions per second (20 Hz chopping frea: cy) "
three-phase brushless dc motor.

Energy at the entrance dlit of the monochromator undergoes two reflections from each of thie
Ebert mirrors, three reflections at the intermediate mirrors, and diffraction at each ¢t 2 -
ings before leaving the monochromator at the exit dit. After three more reflections ¢
optics, the energy passes through the quartz faceplate of the photomultiplier tube (PM::ng
the photocathode where it is converted to current.

Inthe PMT, the current is amplified by the factor of 500 between the cathode and the anode.
The currents at the cathode and the anode are sensed with transimpedance preamplifier T cov
the large range of signals, two gain stages are used at the anode and one gain stage at thc aithod»
The analog signals are converted to digital frequencies in the voltage-to-frequency conveiters. Tnes+
digital signds are routed to the Electronics and Logic Module where digital synchronc :=:iemo”iia
tion and integration occursin up/down counters.
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All of the cathode circu y through the voltage-to-frequency converters is floating at the nega
tive high voltage potential of the cathode. Input and output signals pass through high-valiags trans-
former isolators.

In addition to serving as the high signal (low gain) range for the monochromator signals, the
cathode current monitor is also used to measure the PMT gain at the anode. This is done on the
ground by taking the ratio of the cathode and anode signals where the ranges overlap.

The angular position of the gratings determines the center wavelength of the nomina’ ;.3 s
bandpass of the monochromator. The grating position is controlled in a closed loop servo ssiem
using a brushless dc torque motor and an optical encoder. Electronics located in the Ele:trunics
and Logic Module provide the grating control and sequencing.

The cloud cover radiometer (CCR) consists of alens, a 3-nm-wide filter centered at 379 nm, +
folding mirror, a photoemissive diode, and a preamplifier: The diode converts the incideni phot ~1s
to a current which is converted to a voltage in the preamplifier. In the electrometer, ihe ; re- mpli f1er
output is amplified and passed through a voltage-to-frequency converter. In a maniier Similar ic the
monochromator channel, the signal is then digitally and synchronously demodulated and irtegr=ted
in the Electronics and Logic Module.

18.8.2.6 Electronics and Logic Module

The Electronics and Logic Module (ELM) consists of 11 printed circuii. boards which piv 2 ..t
amother board plus the Low Voltage Power Supply (LVPS). Figure 18.8-14 is a fur: _tional vic ¢
diagram of the tota Electronics and Logic Module.

The Electronics and Logic Module isasingle-point electrical interface betwees: tha spacecrait
and the Sensor Module. All inputs and outputs to the spacecraft except power (Dig’ .. /. Jigial 7
Commands, Analog, Clocks, and Timing) come into the spacecraft interface circuit boaré hfter
being preconditioned in this board, the clock, timing and commands are routed t0  .imi: . anc
command boards as applicable. The digita multiplexer/formatter takes digital data -c3.%-r
Module and digital status data from the ELM. It then formats it and gates it to the iiite " .
which sends it to the Tiros Information Processor (TIP) in the spacecraft. The tir: . .o 1o v
ates all of the timing and clock signals, such as the chopper drive reference clock, 1:cAula: on -~ .
integration clocks, and stepper motor rate clocks.

The low-voltage power supply accepts input power directly from the spacecrafi It proviu.<
analog and digital circuit voltages, motor drive voltages, and preconditioned inputs s the®«?
voltage and calibration lamp power suppliesin the Sensor Module. It filtersthe +28y na . ¢
the +28 V pulse load bus before it is converted. Post regulators are on some outpu:s
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18.8.2.7 Detailed Description of Magor Subassemblies

18.8.2.7.1 Grating Drive Mechanism-The grating drive mechanism is a subassembly of the mono-
chromator. Partial disassembly of the motor is required for removal from the monochromator, but
the gratings, bearing support system and encoder/readout assembly can be removed as a total sub-
assembly. Genera characteritics are listed in Table 18.8-5 and a block diagram of the grating drive
electronics is given in Figure 18.8-15. The gratings are mounted to a shaft which is bearing-supported
at each end. The shaft is driven by alimited angle torque motor directly attached to one end of the
grating support shaft. An optical encoder is attached to the opposite end of the support shaft for
positiona control. The grating pivot shaft bearing system consists of a single deep groove bearing
adjacent to the motor and a prel oaded duplex bearing pair adjacent to the encoder disc.

e Motor. The motor is alimited angle torque motor with +15° drive capability.
e Encoder. The optical encoder consists of a2*# disc with four primary read stations and

four redundant stations. Coupled with the encoder electronics, the encoder provides 216
resolution with 212 repeatability.

Table 18.8-5 Grating Drive Characteristics

Temperature :
Operating 0°Cto 30°C
Nonoperating -10°C to +4°C
Angular  Momentum: 0.0014 nms (maximum instantaneous)
Bearing Quality: ABEC-7
Weight: 8.0 pounds measured including gratings
and frames
Cycle Time:
Sweep Mode: 192 seconds
Discrete Mode : 32 seconds
Grating Step: 19.78 arc-second
Step-to-Step  Accuracy: *4.95 arc-second
Grating Step Repeatability: + 1.5 arc-second
Maximum Jitter At Each Step: *0.5 arc-second
Shaft Angle Readout Resolution: 19.78 arc-second
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18.8.2.7.2 Photomultiplier Tube (PMT) Assembly-The Photomultiplier Tube Assembly (Figure
18.8-16) consists of a spherica focusing mirror which images the exit dit onto the PMT, aperture
mask (scatter stop), PMT, shielding, preamplifiers, high voltage power supply, and appropriate
electronics and housings.

27
4
T 10.25"

\\
OUTLINE OF PMT
/ ELECTRONICS
6.25" f
5.1"
pe— 2.5” DIA (MAX)

12.25"

PMTs MAGNETICy RADIATION

& ELECTROSTATIC SHIELDING

I

l
A
i
-

SPHERICAL MIRROR
A/N 4337

Figure 18.8-16.. Photomultiplier Tube Assembly

18.8.2.7.2.1 Photomultiplier Tube-The PMT photocathode is a high quantum efficiency
bialkali on a quartz faceplate to provide a high signa over the 160 to 400 nm range. The
five dynodes provide a gain of 500.

18.8.2.7.2.2 PMT Electronics-The PMT electronics consist of four electronics boxes containing
all of the circuits directly interfacing with the PMT:

e Anode preamplifier
® Bleeder dring

e Cathode current monitor preamplifier and electrometer circuitry through the voltage-to-
frequency converter
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e High-voltage power supply including the float _ low-voltage supplies for the cathode
current monitor

—_ These circuits are illustrated in Figure 18.8-17. The PMT electronics are located -directly next
to and at the rear of the PMT.

Characteristics for the circuits are as follows:

e Direct-coupled, transimpedance, FET-input preamplifier

10-V fullscale output

4.32 X 108 ohm feedback resistor

2300 Hz bandwidth

Nonlinearity 0.1 percent max. full scale

Doubled-shielded with inner shield at signa ground and outer shield at chassis ground
Bleeder String

e Passive hleeder string for al dynodes

® 100 A bleeder string current

Cathode Monitor

® Direct-coupled, transimpedance, FET-input preamplifier
- 1 O-V full-scale output
— 4.32 X 108 ohm feedback resistor
— 2300 Hz bandwidth
e |O-volt full-scale output at 2 X 10° A input
® Analog nonlinearity 20.1 percent of full scae
® Analog gain stability better than 1 percent per 5°C
® Four-level electronic calibration
® VFC peak output frequency 122 kHz at 10 Vdc input
e VFC nonlinearity =0.1 percent of full scae

® Double-shielded cathode circuitry with inner shidd at -HV and the outer shield at chassis
ground
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e High voltage isolators to couple signals in and out of cathode circuitry
e Response time -300 kHz per msec mm.

18.8.2.7.3 Cloud Cover Radiometer (CCR)-The Cloud Cover Radiometer (CCR) is built as a
separate module to simplify fabrication and alignment. This separable assembly consists of « phot»-
emissive diode, field stop, lens, interference bandpass filter, folding mirror, and preamplifier. Se;:
Figure 18.8-18.

Light from the scene goes through the chopper before it gets to the CCR. At the CCR, the
light goes through abandpass filter, a singlet objective lens, and afield stop. A spherical fc'dirns,
mirror then turns the beam 90” and images the light on the detector, which is avacuum photodioae.

The field stop sets the size of the CCR field of view. The folding mirror images the aperture
stop (which is the chopper) on the detector, permitting a smaller detector size and minimizing she
field-sensitivity variations that could be caused by a nonuniform detector.

The entire CCR is mounted in a block at the side of the entrance dlit of the monochromator s.:
that both the CCR and the monochromator can use the same chopper wheel. Co-pointi:rg :sset by
machined shims a the mounting bosses of the CCR block.

18.8.2.7.3.1 Photodiode-The photoemissive diode is smaller to the ITT Diode F409¢ '~ dicvte
has a semitransparent bialkali photocathode of approximately 13 mm diameter. This dici 2 cpeiies
at low voltage (10 V) and easily meets the dynamic range of 320: 1. The signal-to-noi-c i i a:
minimum signal is about a factor of two higher than the required 100: 1.
18.8.2.7.3.2 CCR Preamplifier-The anode current passes through a transimpedance p. :..pliiie
similar to the PMT preamplifiers but located at the rear of the detector in a shielded enclosure, The
output then goes to the electrometer to a single fixed range voltage-to-frequency converter. “ream
plifier characteristics are:

e Direct-coupled, transimpedance, FET-input preamplifier

e Full-scale current: 2.4 X 10° A

e 4.32 X 108 ohm feedback resistor

e 2300 Hz bandwidth

e Doubleshielded with inner shield at signa ground and outer shield a chassis ground

18.8.2.7.4 Electrometer Assembly-This assembly consists of postamplifiers and voltage-ic iz i ncy
converters for two PMT anode ranges and for the CCR range. A temperature sensor is ro:te !t the
Electronics and Logic Module for digita conversion,
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Figure 18.8-19 shows the functiona block diagram for the eectrometer which includes an
electrical calibration generator (E-Cal), housekeeping monitors, and power distribution. Each eiec-
trometer signal is amplified and then converted to a frequency that is porportiona to its amplitude.
The frequency is then routed to the ELM for digital processing. The full scale ranges are:

Monochromator Range 1: 0to1071% A average anode current

Monochromator Range 2: 1071%t0 108 A average anode current

CCR Range 1: 24 nA (average) full scale

RADIOMETRIC
SAMPLE
AND D. C. LEVEL
HOLD

V/F ——————» PMT-R1

V/F J———— PMT-R2 T THE
ELEC TRONICS
%é\r@ Lagit
MODULE
R 5 ogLo 1> V/F | CCR-R1
PREAMP T V
— E-CAL E-CAL
GEN CONTRCLS
o
1968 AIN

Figure 18.8-19. Block Diagram of the Electrometer Assembly
A summary of the electrometer characteristics is listed in Table 18.8-6.

The dectrica calibration system provides automatic monitoring of both PMT and CCR sler.
trometer channel gains. The system operates by switching in ten precision E{.Jciqo.~ .
chopped at 20 Hz immediately after the preamplifiers, as shown in Figure 18.8-19  4ll ¢« iucis
background is eliminated from the calibration. Calibration is performed during, ve:.-..
grating. The E-Cal levels are designed to provide four points on each electromete:rang ..

18.8.2.7.5 Chopper Assembly-The chopper assembly is an, independent subassembly spider
mounted to the dlit bulkhead. This assembly chops the incoming radiation to hoth: e, 7, -
mator dit and the CCR. It consists of a brushless, three-phase, dc torque motor, . 1ive .
chopper, and an encoder. The encoder has both a velocity track and a phase trzck foripe shase
locked loop control, and it has three tracks for motor commutation.
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Table 18.8-6 Electrometer Characteristics

Package Size: 106 HX 750W X 825 L in

Package Weight: 2.50 pounds measured

Power: 0.6 W nominal orbita average

Anaog Gain Error: 1% per 5°C

Anaog Nonlinearity: 0.1% of full scae; 0" to 30°C

Short Circuit Protection: All outputs

Channel  Crosstalk: <1/2 bit

A/D (V/F) Nonlinearity: 0.1% of full scale

A/D (VIF) Accuracy: 0.04% of full scale at 25°C; 0.1% of full scale 0 to 70°C
E-Cal Levels: 10 Automatic

The chopping rate is 20 Hz and is accomplished by five aperturesin awheel rotating at 240
rpm. The chopping edges of the apertures are held within a 0.005-inch tolerance band. The wheel
diameter (limited by interference with the exit optics housing) is 5.067 inches maximum. Figure
18.9-20 shows exposed dit areas versus time for one chopping cycle of the monochromator dlit.

22.42° 36°
| | .
100 1 i
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g
>
W w - 0
5 11.14° 47.14
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1 1 1 ] ) I 1 J
10 20 E% 40 50 ) 70
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Figure 18.8-20. Chopper Waveform Characteristics
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The wheel is driven by athree-phase brushless dc torque motor with velocity control and com-
mutation provided by an optical encoder. The encoder provides the phase reference pulse, and the
chopper whedl is adjusted with respect to it. Redundant pickups are provided. Figure 18.8-21
shows the cross section and dimensional extremes of the subassembly. Table 18.8-7 lists the charac-
teristics of the chopper assembly. The chopper drive requirements and characteristics are provided
in Table 18.8-8, and the block diagram of the chopper drive electronics is provided in Figure
18.8-22.

18.8.2.7.6 Diffuser Assembly-To measure the solar irradiance, a diffuser is deployed beneath the
instrument so that the instrument views sunlight rather than Earth radiance. The original diffuser
design consisted of a planar array of 125 small, reflective spherical balls mounted on a plate. How-
ever, because of development problems with the ball-type diffuser, it was replaced with a ground
auminum plate overcoated with vacuum deposited auminum.

In the solar irradiasce measurement, the diffuser is deployed so the plate normal is 28” from
the zenith-nadir line (i.e., the plate is tilted 28” from the spacecraft Y-Z plane). The plane of the
diffuser is thus tangent to Earth’s limb, eliminating earthshine from the Sun measurements.

Because the brightness of the diffuser plate varies as the cosine of the angle of incidence of the
sunlight, the goniometric response of each instrument is carefully calibrated.

The diffuser is mounted on a signal-axis tilt mechanism with four discrete positions. Stow,
Degradation Check, Sun Viewing, and Decontamination. A simple stepper motor deployment
mechanism moves the diffuser to each of the four positions. In Stow position, the plate is tucked
against a shallow enclosure where the diffuser surface is protected during launch and ordinary
(Earth-look) instrument operation. The working surface of the diffuser is protected from con-
taminant condensation and solar ultraviolet, which could polymerize any contaminants already
present. In Degradation Check position, the plate is perpendicular to the zenith-nadir axis, illumi-
nated by the in-flight reference source, and viewed by the radiometer. In Sun Viewing position,
the plate normal makes 28” with the radiometer axes and the Sun measurements are made. The
diffuser is further extended to a fourth position for decontamination. The diffuser is heated to
300 K minimum, 373 K maximum to drive off contaminants.

The diffuser is mechanically positioned in any one of the four positions by rotation about a
hinge axis. Each position is sensed by optical readout using four LED’ s and four phototransistors.
The four positions are tabulated in Table 18.8-9. Total travel is 140° minimum.

The hinge lineis parallel to the spacecraft Y-Z plane, and the normal to the hinge linein the

Y-Z plane makes an angle of 34" with the +Z axis. The drive motor isa 45" permanent magnet
stepper motor.
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Table18.8-7 Chopper Assembly Characteristics

Velocity

Life

Uncompensated Angular Momentum

Torque Margin
Bearing Quality

Temperature

Operating
Nonoperating

240 rpm

2 years continuous operation
0.0045 N-M-S

3X friction

ABEC-7

-10°C to +40°C
-10°C to +40°C

Table 18.8-8 Chopper Wheel Drive Requirements and Characteristics

Mechanical Characteristics

Moment of Inertia
Starting Friction

Nominal Running Friction
Cold Running Friction
Torque Disturbances

Encoder

Velocity Track
Phase Track
Motor Commutation Tracks

M otor

Phases
Poles

Type

Velocity

Motor Velocity
Velocity Stability

Phase

Chopper Phasing
Phase Stability

2.56 X 1072 oz-in.-sec?
0.1 oz-in.
0.5 oz-in.
1.0 oz-in.
0.75 oz-in. for 0.4 msec

1000 Cycles per Revolution
5 Cycles per Revolution

3 Tracks, 4 Cycles per Feolutic

3
8
Brushless, dc

4 Hz
+0.0036 Hz

Locked to 20 Hz Demod & gr il
+0.0057 Whed Radians
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Table 18.8-9 Diffuser Positions

Angle-to-
Position Spacecraft X-Axis Accuracy Repeatibility
Stow 12 N/A N/A
Degradation Check 90" +1.0° +0.1°
Solar b-radiance 118° +0.4° £0 7 |
Decontamination 167.5 N/A N/A J

The total mechanism is fully operational in any attitudein a1l g field, positively laicned to;
launch. Performance characteristics are provided in Table 18.8-10, and diffuser drive logic is
provided in Figure 18.8-23.

In the Decontamination Mode, the heater power requirement is 5 watts maximum.

18.8.2.7.7 Cadlibration Lamp Assembly-The calibration lamp assembly is used to provide a# is-
flight reference source for wavelength calibration of the instrument. It also provides ta: clc ure ‘¢ ¢
the instrument aperture during storage and launch. As the reference source, it uses a me: cary dis-
charge Pen-Ray lamp in an aluminum housing (Figure 18.8-24). The output face of tl =tousiizis=
ground fused-silica diffuser.

The lamp puts out several discrete spectral lines (from 184.9 nm to 404.7 noi}it': th » s
tral range of the instrument.

The calibration lamp assembly is used in two positions; in the open position ¢ix . iliumi
nates the diffuser deployed in its monitor position, and in the closed position the s+« -ove = th
input apertures and can illuminate them directly. In this position, the lamp diffuser helis~ilti
entire field of view of the monochromator.

Comparison of the two sweep mode measurements permits in-flight evaluatic. "
efficiency so that a correction factor can be applied to the data on the ground if ap;«p.ia.

Thelamp is operated at a controlled current of 1 .O mA.

Mechanicdly the assembly is a single-axis rotation, two-position device driven directly by a 90°
stepper motor through a reduction gearhead. An optical read-out provides position irfor.:2 o
The total mechanism is fully operational in any attitudein al g field but isretained =\ -osc .
position for launch. The calibration lamp drive performance characteristics are providecir  :ble
18.8-11.
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Table 18.8-10 L.:fuser Drive Performance

Position  Accuracy sun position = 28 + 1°/ -0
Position Repeatibility +0.02°
Type of Motor 45" PM Stepper
6082 per Winding
Size 15
24 Vdc
Gear Reduction 180:1
Step Size 0.25"
Step Frequency 80 Steps per sec
Number of Steps Stow to Mon 378 Steps
Stow to Sun 490 Steps

Stow to Decontam 688 Steps

Time Required Stow to Mon 4.7 sec

Stow to Sun 6.1 sec

Stow to Decontam 8.6 sec

Angular Momentum 0.0022 N-M-S Maximum, Instantaneous
Temperature

Operating -10°C to +40°C

Nonoperating -20°C to +60°C

The interlock system between the diffuser and ca lamp drives prevents a mechanica interfer-
ence problem. The cal lamp must be in the open or closed position before the diffuser can operate,
and the diffuser must be stopped before the cal |lamp can operate.

The calibration drive logic is provided in Figure 18.8-25.
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Figure 18.8-24. Calibration Lamp Assembly

Table 18.8-1 1 Calibration Lamp Drive Performance

Type of Motor

Gear Reduction

Step Size

Step Frequency

Number of Steps

Time Required to Open or Close
Angular Momentum

Stroke

Positional  Accuracy

Position Repeatability

Temperature
Operating
Nonoperating

90" PM Stepper
1502 per Winding
Size 11

24 VVdc

60: 1

15

20 Steps per sec
90 Steps

4.5 sec

0.007 N-M-S Maximum Instantaneous
125° Minimum
*1°

Spring Loaded Against Both Open and Closed
stops

-10°C to +40°C
-20°C to +45°C
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18.8.2.7.7.1 Cadlibration Lamp Power Supply-The mercury lamp requires a high starting voltage
and awell regulated operating current. A pulse width modulated converter with current feedback
is used to meet these requirements. A block diagram of the power supply is shown in Figure
18.8-26. Characteristics of the power supply arelisted in Table 18.8-12.

POWER suPPLY OUTPUTs
o 2500V START
o 1400V OPERATING
(NOMINAL)
PuLsE wiom |
+25 VOLTS FROM_ | PASSIVE | o lmoDiATED — = [MATIPLIER |—»| FILTER I NOMINAL
LOW YOLTAGE FILTER COMVERTER i
POWER SUPPLY

CONVERTER 2 jT? CURRENT FEETBACK Ja:'

cLoCK
v
LAP ON/OFF
CONTROL
L
CURRENT
CAL LAMP SUPPLY MONITOR

e .

Figure 18.8-26. .Block Diagram of the Cadlibration Lamp Power Supply

18.8.2.7.8 Depolarizer-With its many reflections and two grating diffractions, the monochromator
trests input light very nonuniformally, discriminating on the basis of wavelength and polarization
state. The depolarizer, which isin the beam immediately before the chopper and entrance dlit of
the monochromator, scrambles the polarization state of the incoming light so that the monochro-
mator is equally responsive to light of any initial polarization state.

The depolarizer (Figure 18.8-27) uses two Wollaston prisms, each of which includes two quartz
wedges with crossed axes. It scrambles by twisting the instantaneous polarization state around the
direction in which the ray is going. The twist depends on the location and direction of the ray as it
enters the scrambler. The depolarizer is made of optical grade cultured crystalline quartz. This
material gives high transmittance and will not degrade measurements by fluorescing. The four
optical wedges of the depolarizer are optically contacted to each other (no cement is used, and no
internal air or vacuum interfaces exist) for maximum transmission.

18.8.2.7.9 Command System-The SBUV/2 is operated with 39 commands as listed in Table
18.8-13. The status of each command is verified with lines to Digita B telemetry.

18.836



Table 18.8-12 Calibration Lamp Power Supply Characteristics

Physical

Size
Weight

Functional

Input Voltage

Input Power

Output Voltage (to start lamp)
Operating Voltage

Lamp Operating Current
Operating Current Regulation
Synchronization Frequency
Housekeeping Monitors

2.0X 3.375X 5.20in.
2.2 |Ib Measured

+25Vdc 2 Vdc

<7W at 10 mA Load Current
2500 V Minimum

1200v to 1500v

1.0 mA Regulated

0.1%

52 kHz; Free Run in Absence of Synchronization
Lamp Current, +5V Full Scale for 3.25 mA

—o—— 0.552 —q-—

VN

0.439 — g | e—

———— 1.085 — 3

\

5%s"

Figure 18.8-27. Depolarizer
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Table 18.8-13 List of Commands

Type of Dig. B~
Command Designation Command | Reg. No. Response Mnemonic

1. Master Power On/Lamp Off/H.V. Off | Pulse ! Master Power On/Off

2. Master Power Off Pulse

3. Grating Mode 1 (Discrete) Pulse 2 Discrete Yes/No

4. Grating Mode 2 (Sweep) Pulse 3 Sweep YesNo

5. Grating Mode 3 (A Cal) Pulse 4 Cd Yes/No

6. Grating Mode 4 (Position) Pulse 5 Position  Yes/No

7. High Voltage On Pulse 6 H.V. On/Off

8. Motor Power On Pulse 7 Motors Power On/Off

9. Motor Power Off Pulse

10. Lamp Enable and On Pulse 8 Lamp On/Off
11. Lamp Disable Pulse 9 Lamp Disabled/Enabled
12. Lamp Assy Open Pulse 10 Lamp Assy Open CMD/Close
13. Lamp Assy Close Pulse

14. High Voltage Enable Pulse 11 H.V. Enabled/Disabled

15. Diffuser Position 1 (Stow) Pulse 12 Diff. Stow CMD, Yes/No
16. Diffuser Position 2 (Monitor) Pulse 13 Diff. Monitor CMD Yes/No
17. Diffuser Position 3 (Sun) Pulse s Diff. Sun CMD, Yes/No
18. Diffuser Position 4 (Decontaminate) Pulse 15 Diff. Position CMD, Yes/No
19. Chop Encoder Sensor, PRI/Bkup Level 16 Ch Enc Sens PRI/Bkup
20. Grating Encoder Sensor, PRI/Bkup Level 17 Grat Enc Sens PRI/Bkup
21, Diffuser Postion Sensor, PRI/Bkup Level 18 Diff. Posn Sens PRI/Bkup
22. Lamp Position Sensor, PRI/Bkup Level 19 Lamp Position Sens PRI/Bkup
23. Grating Drive MEM, FIX/FLEX Level 20 Grating Drive FIX/FLEX
24. Code Strobe* Pulse Dig A
25. Code Address A Level Dig A
26. Code Address B Level Dig A
27. Code Data Bit 1 Level DigA
28. Code Data Bit 2 Level DigA
29. Code Data Bit 3 Level Dig A
30. Code Data Bit 4 Level Dig A
31. Code Data Bit 5 Level Dig A
32. Code Data Bit 6 Level Dig A
33. Ca Lamp Heater On Pulse 21 Cal Lamp Heater On/Off
34. Decontam Heater On Pulse 22 Decontam Htr On/Off
35. Heaters Off Pulse
36. Spare Pulse
37. Discrete Sun Enable Pulse DigA
38. Sweep Sun Enable Pulse Dig A
39. A Cal Enable Pulse Dig A

*Commands 25-33 used to load grating drive flex memory.
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The Master Power On command applies power to the instrument, initializes al control logic,
resets the high voltage and lamp power relay to OFF, and returns the grating drive to its home posi-
tion. The grating mode commands are designed not to depend on any previous mode command
(there are no toggling sequences). The last mode command sent takes effect after completion of the
current  sequence.

The 39 available commands consist of 26 pulse and 13 level commands. The pulse cocmmands
are used for power control and quick reaction mode changes. The command system block diagram is
shown in Figure 18.8-28. Three pulse commands (nos. 37, 38, and 39) are used to initiate auto-
matic command sequences.

18.8.2.7.10 Data Handling System-The data handling block diagram is shown in Figure 18.8-29.
Frequency counters are provided for the electrometer and the housekeeping voltage-to-frequency
converters. The counters synchronously demodulate and integrate the modulated frequencies by
counting up while the chopper aperture is open and counting down while the aperture is closed. In:
this manner the background signal is subtracted from the desired signal. The integration timeis
1.25 seconds in the discrete, wavelength calibrating and position modes and 0.1 second in the sweep
mode.

The contents of each counter are buffered after each integration period and reset for a new
integration. The buffered data, as well as submultiplexed digital housekeeping data, are m-ltiple~ed
out to the 320-hit output data register where it is read out by the TIP. Logic is provided i .c.°
PMT range selection when in the sweep mode. Andlog housekeeping and digital houseker mirgai:
multiplexed into a seria data stream and loaded into the 320-bit register.

Multiplexing is controlled by fixed format logic which utilizestiming and synchroniza:on s
nals derived from the TIP interface. The output data register is completely loaded once - r secor-
at ahigh clock rate, in between read-out periods. Data are read out by the TIP every 1/20 second in
16-bit groups.

18.8.2.7.10.1 Digital A Telemetry Lists and Formats-The SBUV/2 format consists of 20 16-bit
words telemetered every second for atotal data rate of 320 bps. Thisformat is changed only in .+
sweep mode to accommodate higher monochromater data rates. Only two formats are s 7 - -
shown in Table 18.8-14: a discrete mode format and a sweep mode format. Word 1 column. con-
tains the CCR data and all housekeeping data, and remains fixed in both discrete and s».:..n .«
Word 2 isdevoted to PMT data, containing the data from all three in the discrete mode fo; 1at
This word is switched in the sweep mode to read only the selected PMT Range Data

Thel6-channel analog submultiplexer and the digital status register, both located in  1e EL. .
provide ample capacity for housekeeping and status. Data assignments for the analog submulti-
plexer are listed in Table 18.8-15. The analog submux data consist of 8-bit samples which z-..
packed two per 16-bit word. Data assignments for digital status words are listed in Table 1¢8-1.
There are spare channels of both analog and digital data for possible future expansion.
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Table 18.8-14 Digital A Data Formats (1) (2)

Discrete Modes Word 1 Word 2

Line O Status 1 PMT Rangel Data

Line1 Status 2 PMT Range 2 Data

Line 2 Analog Sub Mux PMT Range 3 Data

Line 3 Memory Verify Spare

Line 4 Status 3 Spare

Line 5 Status 4 Spare

Line 6 Grating Position Spare

Line 7 CCR Data Spare

Line 8 Radiometric dc Level and Grating Pos Error Spare

Line 9 Frame Sync Code Spare

Sweep Modes Word 1 Word 2

Line1 Status 1 PMT Selected Range Data
Line 2 Status 2 PMT Selected Range Data
Line 3 Anaog Sub Mux PMT Sdlected Range Data
Line 4 Memory Veify PMT Selected Range Data
Line 5 Status 3 PMT Selected Range Data
Line 6 Status 4 PMT Selected Range Data
Line 7 Grating Position PMT Selected Range Data
Line 8 CCR Data PMT Sdlected Range Data
Line 9 Radiometric dc Level (3) PMT Sdlected Range Data
Line 10 Frame Sync Code PMT Sdlected Range Data

Notes. 1. All words are 16 bits; analog channels are encoded with two 8-bit samples per t 6-bit

word.

2. Rateisten lines per second.
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Table 18.8-15 Digitd A Andog Submultiplexer Data Assignments

Channel No. Function Name Channdl No. Function Nam:
1A Chopper Motor Current 1B Spare
2A Diffuser Motor Current 2B Diffuser Plate Temp {0 &
3A HVPS Volts 3B SM Baseplate Temyp (-15 45)
4A Thermistor Bias (10 V Ref) 4B 25 V Power (Volts!
5A Cal Lamp Temp (0 80) 5B 15V Servo (Volts;
6A ECAL Ref 6B -15 'V Servo (Volts)
TA 15 V Sensors (Volts) 7B CCR Diode Temp (-5 35)
8A -15 V Sensors (Valts) 8B SM Diff Temp Y-axis (£5°C)
9A 24 V Motor (Volts) 9B SM Diff Temp Z-awis :5°C)
10A 5V LED (Volts) 10B Diff Ref Temp Z-axis
11A 10 v Logic (Volts) 11B Diff Ref Temp Y- ixin
12A Calibration Lamp Current 128 PMT Cathode Teio (-0
13A Spare 13B Spare
14A Spare 14B Chopper Phase £-:.
15A Spare 15B Spare
16A Lamp Motor Current 16B Spare

18.8.2.7.10.2 Analog Telemetry-The analog telemetry consists of 17 conditioned anaivg house
keeping monitors wired directly to the TIP; these channels arelisted in Table 18.8-1"

18.8.2.7.10.3 Digital B Telemetry-The status of each command is verified with 227~ Yew
B telemetry as listed in Table 18.8-18.

18.8.2.8 Constraints

18.8.2.8-1 General-The following are general constraints:

e The depolarizer temperature must be maintained greater than -10°C and fess:t:+407
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Table 18.8-16 Digital A Status Words

Status Word 1

LOGIC
BIT USE ° 1 (GNL)
1 Master Power ON/OFF OFF
2 Discrete Mode/Sweep Mode Format DISCRETE
3 Sweep Mode Major Frame Word 22 True
4 Sweep Mode Major Frame Word 2! True
5 Sweep Mode Major Frame Word 2° True
6 Retrace ON
7 16 sec (2%) True
8 8 sec (21) True
9 4 sec (2°) True
10 Command Sequence (2?) True
1 Command Sequence (2!) True
12 Command Sequence (2°) True
13 Range ID B-LO ON
14 Range ID A-LO ON
15 Range ID B-L1 ON
16 Range ID A-L1 ON
Status Word 3
LOGIC STATE
BIT 1 0
1 R1 Over/Range O/R On Scale
2 R2 Over/Range O/R On Scale
3 R3 Over/Range O/R On Scale
4 CCR Over/Range O/R On Scale
5 Code Address A 1 0
6 Code Address B 1 0
7 Code Data | 1 0
8 Code Data 2 | 0
9 Code Data 3 1 0
10 Code Data 4 1 0
1 Code Data § 1 0
12 Code Data 6 | 0
13 Discrete Sun Enable ON OFF
14 Sweep Sun Enable ON OFF
15 A Cal Enable ON OFF
16 Spare Always Off

BIT

00 -3 A AW —

Status Word 2

STATE LOGIC STATE
0(+) BIT USE 1 0
ON 1 Range ID B-L2 ON OFF
SWEEP 2 Range ID A-L2 ON* OFF
False 3 Range ID B-L3 ON OFF
False 4 Range 1D A-L3 ON OFF
False 5 Range ID B-L4 ON OFF
OFF 6 Range ID A-L4 ON OFF
False 7 Range ID B-LS ON OFF
False 8 Range ID A-LS ON OFF
False 9 Range ID B-L6 ON OFF:
False 10 Range ID A-L6 ON OFF
False 11 Range ID B-L? ON OFF
False 12 Range ID A-L7 ON OFF
OFF 13 Range ID B-L8 ON OFF
OFF 14 Range IDA-L8  ON OFF
OFF 15 Range ID B-L9 ON OFF
OFF 16 Range ID A-L9 ON OFF

Status Word 4

LOGIC STATE
USE 1 0

Diffuser Stow Pos Stow Not Stowed

Diffuser Monitor Pos Monitor Not Monitor

Diffuser Sun Pos Sun Not Sun

Diffuser Decontam Pos Decontam Not Decontam

Discrete Mode ON OFF

Sweep Mode ON OFF

Diffuser Pos Valid Valid Not Valid

Diffuser Timer Time Out Not Time Out

Calib Lamp Open OPEN NOT OPEN

Calib Lamp Closed CLOSED NOT CLOSED

Calib Lamp Pos Valid Valid Not Valid

Calib Lamp Timer Time Out Not Time Out

Cal Mode ON OFF

Position Mode ON OFF

Grating Fix/Flex FIX FLEX

Grating Index Fonnd Found Not Found

*Diffuser count bits and Cal Lamp count bits indicate which stepper motor winding is being activated.




Table 18.8-17 Analog Teiemetry List

15.
16.
17.

SM Baseplate Temp. #2 (-15 to +45)*
SM Structure Temp. (-15 to +45)
Depolarizer Housing Temp. (-15 to +45)
HVPS Temp. (-15 to +45)

Diffuser Plate Temp. #2 (0 to +80)*
Chopper Motor Temp. (-15 to +45)
Grating Motor Temp. (-15 to +45)
Diffuser Motor Temp. (-15 to +45)

Cal Lamp Motor Temp. (-15 to +45)
Electrometer Temp. (-15 to +45)

Cal Lamp Power Supply Temp. (-15to +45)
Diffuser Radiator Temp. (-15 to +45)
ELM Temp. (-15 to +45)

LVPS Temp. (-15to +45)

Diffuser Heater Current

Baseplate Heater Current

28 V Main Power Voltage

*Powered from the 28 V switched telemetry bus.

The instrument temperature as measured at the spacecraft interface must be maintaine:!.

— Greater than or equal to 0°C and less than or equal to +30°C for in-spec. operation

— Greater than -10°C and less than +40°C for survival.

When the instrument is off:

— The diffuser must be stowed.

— The calibration lamp housing must be closed.

— High voltage must be inhibited.

The high voltage must not be turned on when the pressure is greater than 5 X 107° torr

except at room ambient.

The purge line cap must be installed on purge system intake whenever the purge lineis

removed.

18.8-55




Table 18.8-18 Digital B Telemetry Data Assignments

Logic State

No. Function I(GND) O0(+5V)

! Master Power On/Off OFF ON

2 Discrete Yes/No* Yes No

3 Sweep Yes/No* Yes No

4 Cd Yes/No* Yes No

5 Pogtion Yes/No* Yes No

6 HVPS On/Off Off On

7 Motor Power On/Off Off On

8 Lamp On/Off Off On

9 Lamp Disabled/Enabled Disable Enable
10 Lamp Assy Open Cmd/Close Cmd* Open Cmd Close Cmd
11 HVPS Enabled/Disabled Disabled Enabled
12 Diffuser Stow Cmd YesNo* Yes No

13 Diffuser Mon. Cmd Yes/No* Yes No

14 Diffuser Sun Cmd Yes/No* Yes No

15 Diffuser Decontam Cmd Yes/No* Yes No

16 Chopper Encoder Sensor Pri/Bkup Pri Bkup
17 Grating Encoder Sensor Pri/Bkup Pri Bkup
18 Diffuser Position Sensor Pri/Bkup Pri Bkup
19 Lamp Position Sensor Pri/Bkup Pri Bkup
20 Grating Drive Fix/Flex* Fix Flex
21 SM Baseplate Heater ON/OFF Off On
22 Diffuser Decontamination Heater ON/OFF Off On

*Bit set indicates last command received. Command action may or may not have been
completed.

18.8.2.8.2 Prelaunch Phase

a

b.

d.

Contamination covers must remain in place on the Sensor Module for testing.

The Sensor Module must be continualy purged with dry N, whose cleanliness has been
previoudy verified.

Personnel working around the Sensor Module, particularly when the contamination
covers are removed, must wear clean gloves, hoods, and facemasks. During the brief
periods when the covers are removed while the instrument is mounted on the spacecraft,
no work shal be done above the SBUV/2.

The carbon filter must be installed on the purge line intake during spacecraft T/V testing
and when the spacecraft is in its shipping container.
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18.8.2.8.3 Launch Phase
a  Verify that dust covers are removed prior to launch.

b. Verify that the diffuser is stowed and the calibration lamp housing closed over the
entrance aperture. The SBUV/2 must be off for launch.

c. Verify that the carbon filter has-been removed.
¢. Verify that the purge line cap isinstalled on the purging system intake.

18.8.2.8.4 Activation Phase

a.Initial tumon sequence

1. Instrument Power - ON

2. Grding Memory - FIXED

3. Chopper Encoder Sensor - PRIMARY

4. Grating Encoder Sensor - PRIMARY

5. Lamp Postion Sensor - PRIMARY

6. Diffuser Position Sensor - PRIMARY

7. Diffuser Pogtion (1) - STOW

8. Lamp Assembly - CLOSED

9. Motor Power - ON

10. Instrument Power - ON
NOTE: The following two commands are not to be sent initially «ithe., oo
from NASA and not before postlaunch day 15. In this interval during, astrs
A&E, the grating drive system will be exercised.

11. High Voltage - ENABLE

12. High Voltage - ON
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NOTE: The following command is not to be sent initially without go-ahead from
NASA and not before postlaunch day 30. In thisinterval during A&E, the grating
" drive and fix/flex memory systems will be exercised and wavelength cdibration data
will be collected.

13. Lamp Assembly - OPEN

NOTE: Initial deployment of the diffuser will not occur without go-ahead from
NASA and not before postlaunch day 37.

18.8.2.8.5 Operational Phase-Activation of the Discrete Sun Enable and Sweep Sun Enable com-
mand sequences must be time-correlated with that portion of each orbit during which the Sun is
available for observation.
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